
Preliminary/Final Drainage Report 
Aspen Ranch Filing No. 1 

 

 
  Page i 

 

 
 
 

PRELIMINARY/FINAL DRAINAGE REPORT  
 

For 
 

ASPEN RANCH FILING NO. 1 
 
 

 
Prepared for: 

City of Fountain 
116 S. Main Street 

Fountain, CO 80817 
 

On Behalf of: 
COLA, LLC. 

555 Middle Creek Parkway, Suite 380 
Colorado Springs, CO 80921 

 
 

  

Prepared by: 

 
 

2435 Research Parkway, Suite 300 
Colorado Springs, CO  80920 

(719) 575-0100 
fax (719) 572-0208 

 
May 2020 

 
Project No. 17.866.003 

 
 



Preliminary/Final Drainage Report 
Aspen Ranch Filing No. 1 

 

 
  Page ii 

 

ENGINEER’S STATEMENT: 
 
This report and plan for the drainage design of Aspen Ranch Filing No. 1 was prepared by me (or under my 
direct supervision) and is correct to the best of my knowledge and belief.  Said report and plan has been 
prepared in accordance with the City of Colorado Springs Drainage Criteria Manual and is in conformity with 
the master plan of the drainage basin.  I understand that the City of Fountain does not and will not assume 
liability for drainage facilities designed by others.  I accept responsibility for any liability caused by any negligent 
acts, error or omissions on my part in preparing this report. 
 
Signature: ___________________________________    

            Colorado Professional Engineer No. 55600 
 
Date: _____________________ 
   
 
DEVELOPER’S STATEMENT: 
 
COLA hereby certifies that the drainage facilities for Aspen Ranch Filing No. 1 shall be constructed according 
to the design presented in this report.  I understand that the City of Fountain does not and will not assume 
liability for the drainage facilities designed and/or certified by my engineer and that are submitted to the City 
of Fountain pursuant to the City Code; and cannot, on behalf of Aspen Ranch Filing No. 1, guarantee that final 
drainage design review will absolve COLA and/or their successors and/or assigns of future liability for 
improper design.  I further understand that approval of the final plat does not imply approval of my engineer’s 
drainage design. 
 
Name of Developer:     COLA   
 
Authorized Signature: _____________________________Date: _______________  
 
Printed Name: Tim Buschar  
 
Title:  Director of Land Acquisition and Development  
 
Address:  555 Middle Creek Parkway, Suite 380 
 Colorado Springs, CO 80921 
 
 
CITY OF FOUNTAIN STATEMENT: 
Filed in accordance with the Code of the City of Fountain, 2009, as amended. 
 
____________________________________________    _______________________ 
For the City Engineer      Date 
 
Conditions: 
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I. Introduction 

A. PURPOSE AND SCOPE OF STUDY 
 
The proposed Aspen Ranch Filing No. 1 development is located at the northeast corner of the 
intersection of Kane and Link road in Fountain, Colorado. This project will involve construction 
of roads, utilities and storm sewer infrastructure associated with single-family residential 
development. The purpose of this report is the identification of offsite and onsite drainage patterns 
and design of storm sewer infrastructure associated with the proposed development, analysis of 
impacts from upstream drainage, and impacts to downstream facilities. This PDR/FDR has been 
prepared based on the guidelines and criteria presented in the City of Colorado Springs Drainage 
Criteria Manual (DCM).  
 

 
FIGURE 1. PROJECT LOCATION 
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B. GENERAL PROJECT DESCRIPTION 
 

1. Drainage Area:  
a. Onsite: 

Aspen Ranch Filing No. 1 is a 59-acre parcel located at the northeastern intersection of Link 
Road and Kane Road. The Aspen Ranch Filing No. 1 ODP prepared by Thomas & Thomas 
dated April 16, 2018 identifies a total of 225 single-family residential units with a fire station, 
achieving an average density of 3.8 du/acre and includes a central open space/park and gas 
easement open space. Runoff from the site will be directed via storm sewer and swales into 
the existing detention pond at the southwest corner of the development. The detention pond 
will be updated to address proposed conditions. 
 

b. Offsite: 
A 207-acre drainage basin (Sub-basin OB1.1A1) upstream of the site will be directed around 
the site via 48-inch storm sewer. The swale carrying these flows also conveys irrigation 
flows from the Fountain Mutual Irrigation Company (FMIC) ditch system. The FMIC 
periodically releases tailwater flows within the Basin OB1.1A1 at a rate of approximately 25 
cfs (see letter from FMIC in appendices). These flows follow the existing natural overland 
drainage swales. At the properties eastern most boundary, the Crescent Moon right of way, 
there is an existing barrier where flow is collected on the easterly side eventually 
overtopping and flowing westerly within the Black Hills Energy Gas main corridor through 
the site to the project low point, Historic Basin DP 1, ultimately crossing Link Road and 
continuing northwesterly to Jimmy Camp Creek. 

 
2. Drainageway:  

As previously mentioned, the site is in the Jimmy Camp Creek Drainage Basin and is currently 
undeveloped meadow. Most of the runoff from the site drains to the southwest towards the 
intersection of Link Road and Kane Road, where it is conveyed (through a combination of 
culvert systems and open channels) to the west, under Link Road, through Eagle Side Ridge 
development, and ultimately into the Jimmy Camp Creek Channel.  

 
3. Utilities and Encumbrances:  

 Storm Sewer: Existing storm sewer includes a 42” crossroad pipe just east of the 
intersection of Kane and Link Roads 

 Sanitary Sewer: An existing 12-inch PVC sanitary sewer main runs along the west side of 
Kane Road and jogs across the Aspen Ranch Filing No. 1 property approximately 185 feet 
north of Link Road running parallel to Link Road for approximately 500 feet before jogging 
south 172 feet and turning east to run parallel to Link Road approximately 10’ behind the 
proposed back of curb. Future work on the project will relocate the portion of sanitary sewer 
which is 185 feet north of Link Road to be approximately 314’ north in order to provide 
more room for onsite detention. 

 Gas: There is an existing 75-foot wide gas easement running through the middle of the 
project along an existing drainage way. This easement and the associated two and four inch 
gas mains within will remain in place and will be accounted for in the design of the project.  

 Water: There is an existing 8-inch water main parallel to the Link Road near the west side. 
There appears to be a stub-out to the east at the intersection of Watchmen and Link Roads, 
however, no encumbrance to the project is anticipated. Another existing water main along 
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Kane Road appears to have a water service connection approximately 560 feet north of Link 
Road and an existing fire hydrant near the proposed 

 Electric: There is existing overhead electric power parallel to both Kane and Link Roads 
which will both be relocated and buried to accommodate street improvements associated 
with the proposed development. 

 Communications: There appears to be an underground telephone line running parallel to 
Link Road. No encumbrance to the project is anticipated. 

 

4. Streamside Zones:  
The site is not located in or adjacent to a streamside zone 
 

5. Referenced Drainage Reports 
a. Master Drainage Development Plan for Aspen Ranch Filing No. 1, by Matrix Design 

Group, November 1, 2019. (MDDP-Matrix) 
 

b. Jimmy Camp Creek Drainage Basin Planning Study (DBPS), by Kiowa Engineering 
Corp. March 9, 2015. (JCC DBPS) 
 

c. Final Drainage Report for Eagleside View, by JPS Engineering, November 20, 2013. 
(MDDP Eagleside View) 

 

d. MDDP for Eagleside Ridge, by JPS Engineering, (withdrawn) (MDDP Eagleside 
Ridge) 

C. General Location:  
Northeast ¼ of Section 4, Township 16 South, Range 65 West of the 6th P.M. in the City of 
Fountain, County of El Paso, State of Colorado. A vicinity map can be found in Appendix D. 

D. Surrounding Developments:  
1. North: 

a. Vacant Land 
b. No Road or Street Right-of-Way 

 
2. East: 

a. Vacant Land 
b. Crescent Moon Right-of-Way 

  
3. South 

a. Vacant Land 
b. Kane Road 

 
4. West 

a. Cumberland Green & Eagleside View 
b. Link Road 

E. Land Uses 
Presently, the site is unplatted and undeveloped land. Aspen Ranch Filing No. 1 is a proposed 225 
lot single-family residential development on 59 acres. Development of utilities and internal 
roadways will be included in this parcel. 
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F. Soil Conditions 
Topographical information for the site was found using a combination of United States 
Geological Survey (USGS) mapping as well as field surveying. The Web Soil Survey, created by 
the Natural Resources Conservation Service (NRCS), was utilized to investigate the existing 
general soil types within the site. The majority of the site is currently undeveloped and consists of 
natural vegetative land cover. 
 
Soils can be classified in four different hydrologic groups, A, B, C, or D to help predict storm water 
runoff rates. Hydrologic group “A” is characterized by deep, well-drained coarse-grained soils with 
a rapid infiltration rate when thoroughly wet and having a low runoff potential. Group “D” typically 
has a clay layer at or near to the surface, or a very shallow depth to impervious bedrock and has a 
very slow infiltration rate and a high runoff potential. See Soils Map; Appendix D. Table 1.1 
indicates which soil types are present in the development area: 
 

Table 1.1 – NRCS Soil Survey for El Paso County 
 

Soil ID 
Number 

Soil Hydrologic 
Classification 

Permeability Percent 
on Site 

3 
Ascalon Sandy Loam 

(3% - 9% slopes) B 
Moderately 

Rapid 77.9% 

101 Ustic Torrifluvents, 
Loamy 

B Moderately 
Rapid 

22.1% 

G. Drainage Design Criteria 
1. Design References 

As required by the City of Fountain, Colorado, this report has been prepared in accordance 
to the criteria set forth in the City of Colorado Springs Drainage Criteria Manual 
Volume 1 (DCM), dated May 2014 and Volume 2 Stormwater Quality Policies, 
Procedures, and BMP’s, dated May 2014.  
 
In addition to the City Criteria Manual, the Urban Storm Drainage Criteria Manuals, 
Volumes 1-3 (UDFCD), published by the Urban Drainage and Flood Control District, 
latest update, have been used to supplement the Drainage Criteria Manual for water quality 
capture volume (WQCV).   
 

2. Design Frequency 
The design frequency is based on criteria within the DCM.  The 100-year storm event is 
used as the major storm for the project, and the 5-year storm event is the minor storm.   
 
Design Discharge 

 
a. Method of Analysis 

i. Rational Method: 
The hydrology for this project uses the Rational Method as recommended by the Drainage 
Criteria Manual for the minor and major storms for drainage basins less than 100-acres in 
size.  The Rational Method uses the following equation:  Q=C*i*A 

Where:   
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Q =  Maximum runoff rate in cubic feet per second (cfs) 
C =  Runoff coefficient  
 i  =  Average rainfall intensity (inches per hour) 
A =  Area of drainage sub-basin (acres) 
 

b. Runoff Coefficient 

Rational Method coefficients from Table 6-6 of the DCM for developed land were 
utilized in the Rational Method calculations.  See Appendix B for more information.  

c. Time of Concentration 

The time of concentration consists of the initial time of overland flow and the travel 
time in a channel to the inlet or point of interest.  A minimum time of concentrations 
of 5 minutes is utilized for urban areas.  

d. Rainfall Intensity 

The hypothetical rainfall depths for the 1-hour storm duration were taken from Table 
6-2 of the Colorado Springs Drainage Criteria Manual. Table 5.1, below, lists the 
rainfall depth for the Major and Minor 1-hour storm events. 
 

Table 5.1 – Project Area 1-Hour Rainfall Depth 
Storm Recurrence 

Interval 
Rainfall Depth 

(inches) 
5-year 1.50 

100-year 2.52 
 
The rainfall intensity equation for the Rational Method was taken from Drainage 
Criteria Manual Volume 1 Figure 6-5. 
 

ii. SCS Method 
SCS procedures were utilized for analysis of flows from the larger (Drainage Area > 130 
Acres) basins impacting the site for the minor and major storms, as recommended by the 
DCM.    
 

SCS hydrologic calculations were based on the following assumptions: 
 

Storm Distribution: SCS Type II 
100-year, 24-hour rainfall: 4.36 inches per hour  
5-year, 24-hour rainfall:  2.80 inches per hour 
Hydrologic Soil Type:  B 100% 
SCS curve number – undeveloped: 61 (pasture/range) 
SCS curve number – developed: 85 (1/8 acre lots) * 
Time of Concentration:  SCS TR-55 Methodology  
 (Sheet Flow, Shallow Concentrated & Channelized Flow) 

*According to the ODP submittal, the Aspen Ranch Filing No. 1 development will include 
approximately 225 residential dwelling units, which represents a gross density of 3.81 units 
per acre. The hydrologic analysis within this report has utilized developed runoff 
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coefficients for 1/8 acre lots, providing for a conservative drainage system design. SCS 
Curve Numbers were taken from the DBPS/DCM Table 6-9 & 6-10. Hydrologic 
calculations are enclosed in Appendix A. 

II. Hydrologic Analysis 

A. Basin Hydrology 
1. Existing Drainage Conditions 
Under existing conditions, the site flows in a general northeast to southwest pattern with slopes 
ranging from 2 to 7 percent until reaching the low point within the project site at the westerly 
boundary adjacent to Link Road.  The site is comprised primarily of a single major basin that is a 
portion of the larger tributary basin OB1.1A1 as referenced in the Historic Drainage Map (DR01) 
in Appendix D.  
 

The site low point is the confluence point for the larger historic basins OB1.1A1 and OB1.1A2 
prior to discharging westerly underneath Link Road in a 42-inch pipe to the Integrity Bank and 
Trust property and Cumberland Green developments upstream of Jimmy Camp Creek. At 
Historic Design Point 1, the tributary basin’s peak runoff is calculated as Q5 = 31.96 cfs and  
Q100 = 182.48 cfs.  The reference drainage report for a withdrawn development (Eagleside Ridge) 
on the adjacent downstream property indicated Q5 = 36.4 cfs and Q100 = 228.0 cfs at this location 
(MDDP Eagleside Ridge: Design Point 5). See illustration below: 
  

 
 
 
 
 

Design Point 5 from drawing D1 on Page 58 of the withdrawn Eagleside Ridge MDDP. 
 
Also located at Existing Design Point 1 is an existing detention pond which was constructed as a 
part of a previous attempt to develop this parcel. At some point, the 42-inch discharge pipe 
across Link Road was buried by the landowner or tenant of the property west of Link Road. The 
drainage swale downstream of the 42-inch discharge pipe was also filled in. These items 
combined to create a condition where the intersection of Link and Kane Roads, under existing 
conditions, is often overtopped by relatively minor storm events.  
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Aspen Ranch Filing No. 1 
Existing Conditions 

 Basin Summary Table 
Sub-basin                  

ID 
Area     

(Acres) 
Q5  

(cfs) 
Q100 
(cfs) 

OSB1.1A1 251.0 14.0 87.0 
OSB1.1A2 223.8 13.5 87.8 
OSB1.1B 44.4 15.9 80.4 

 
Aspen Ranch Filing No. 1 

 Existing Conditions 
Drainage Point Summary Table 

Design Point Sub-Basins 
Total Area 

(ac.) 
Q(5)          
(cfs) 

Q(100)        
(cfs) 

OS OSB1.1A1 & OSB1.1A2 474.78 27.5 174.8 
OS2 OSB1.1B 44.38 15.9 80.4 

Totals: 519.16 43.45 255.19 
Note: The Eagleside View FDR anticipates Q5: 15.7 cfs and Q100: 39.0 cfs at Existing Design 

Point OS2. 
 

2. Developed Drainage Conditions 
The development of the project separates the project site into three distinct basins, development 
occurring north of the gas easement, the gas easement and pass through of upstream offsite 
tributary basins, and development south of the gas easement. Also described are three offsite basins 
which will be routed around the development. Developed hydrology calculations for the basins and 
pipe networks can be referenced in Appendix A. 
 
North Basin: 
The north basin is defined from the ridgeline north of the property, Crescent Moon to the east, 
Link Road to the west and the gas easement to the south. In general, with the larger northern basin 
flows drain from the northeast to the southwest where a series of inlets and storm sewer intercept 
the flows and convey them westerly to Link Rd and then southerly to the full spectrum detention 
facility. A 36” RCP storm sewer trunk main is proposed along Link Road to the detention facility 
that the internal storm drain system will connect to. Sub-basins B3, and B10-B12 comprise the 
tributary sub-basins and are as follows: 
 

Basin 
Acreage 

Peak Flows 
Name 2-Year 5-Year 10-Year 100-Year 

B3b 3.2 3.8 4.8 5.6 10.6 
B10 6.6 9.0 11.3 13.2 24.9 
B11 3.7 5.0 6.4 7.4 14.0 
B12 2.7 5.3 6.7 7.8 13.2 

  
Gas Easement Basin (Onsite): 
Crescent Moon is anticipated to be designed to provide a low point for collection at the historic 
natural swale location where inlets will join the 30-inch RCP pipe crossings under the respective 
roadways. Flows from B5 will sheet flow to a grass lined open channel and conveyed east. 
Additional flows from Sub-basins B4, B6, B7, B8, and B9 will be captured by street inlets and added 
to the channel at the locations indicated on DR-02. At culvert roadway crossings drainage travels 
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from east to west, with the ultimate discharge to the proposed full spectrum detention pond. An 
additional benefit of this swale is separation of impervious surfaces, which provides more 
opportunity for infiltration and reduction in the volume of runoff from the developed area. The 
tributary sub-basins within the Gas Easement Basin are as follows: 

 
Basin 

Acreage 
Peak Flows 

Name 2-Year 5-Year 10-Year 100-Year 
B3a 0.8 0.8 1.1 1.2 2.3 
B4 1.2 1.4 1.8 2.1 3.9 
B5 7.9 2.8 3.6 4.2 14.3 
B6 5.1 6.9 8.7 10.1 19.1 
B7 5.2 7.2 9.0 10.6 19.9 
B8 0.3 0.1 0.2 0.2 0.9 
B9 2.1 4.1 5.1 6.0 10.6 

 
South Basin: 
The south basin is defined by the gas easement to the north, Crescent Moon to the East, Kane 
Road to the south and Link Road to the west. Internal flows from the development, and runoff 
from the bounding streets, drain east to west, with a series of internal collection points that are 
tributary to a 36” RCP that discharges to the full spectrum detention facility. Surface street flows 
from Crescent Moon will drain within a gutter system south to Kane Rd where they are conveyed 
west to an inlet collection point just prior to the intersection of Link and Kane Roads. Collected 
curb inlet flows are piped north via a 30-inch RCP pipe to the Full Spectrum Detention Facility. 
The tributary sub-basins within the South Basin are as follows: 

 
Basin 

Acreage 
Peak Flows 

Name 2-Year 5-Year 10-Year 100-Year 
B1a 1.5 2.0 2.5 2.9 5.9 
B1b 3.5 5.0 6.3 7.3 13.6 
B1c 5.9 2.8 3.5 4.1 13.4 
B2a 1.8 2.2 2.7 3.2 6.0 
B2b 3.7 4.5 5.7 6.6 12.4 
B2c 2.5 2.6 3.3 3.9 7.3 
B2d 0.3 0.4 0.4 0.5 1.0 

 
Offsite Basin (Southeast) 
The historic offsite basin OB1.1A2 drains westerly and is defined by Kane Road on the north 
boundary and Link Road on the west boundary. At the intersection of Link Rd and Kane Rd, the 
Aspen Ranch Filing No. 1 development will install a 36-inch pipe and custom end section (18-inch 
existing) to capture the historic flows and convey it north across Kane Road to a proposed manhole 
(MH-101) just downstream of the Detention Pond outlet structure. Flows from this Offsite Basin 
will combine with detention pond release flows, route around flows from Offsite Basin OB1.1A1, 
and continue westerly within a 48-inch pipe (replacing the existing 42-inch pipe) across Link Rd to 
the Eagleside Ridge development. The tributary basin flows are as follows: 

 
Basin 

Acreage 
Peak Flows 

Name 2-Year 5-Year 10-Year 100-Year 
OB1.1A2 224.0 3.1 13.5 28.2 87.8 



Preliminary/Final Drainage Report 
Aspen Ranch Filing No. 1 

 

 
   Page 9 

Matrix Design Group, Inc., 2020 

 
Offsite Basin (North) 
The historic offsite basin OB1.1B (Reduced in size by the Aspen Ranch Filing No. 1 development) 
drains westerly and is defined by Aspen Ranch Filing No. 1 on the south boundary and Link Road 
on the west boundary. At the existing 30-inch x 18-inch cross road elliptical pipe, Aspen Ranch 
Filing No. 1 development will extend storm drain beyond the proposed widening of Link Road to 
allow it to continue to capture the area of historic flows (less the area within the proposed Aspen 
Ranch Filing No. 1 development, but still including the adjacent portion of Link Road which has 
historically followed this path) and convey them west across Link Road to an existing curb inlet in 
the Eagleside View Subdivision, Filing No. 2. The tributary basin flows are as follows: 
 

Basin 
Acreage 

Peak Flows 

Name 2-Year 5-Year 10-Year 100-Year 

OB1.1B (Reduced) 28.0 4.9 6.1 7.1 33.4 

B13 8.3 2.0 2.5 2.9 10.5 

Design Point 22 36.3 5.8 7.3 8.5 35.1 

 
Note: The Eagleside View FDR anticipates Q5: 15.7 cfs and Q100: 39.0 cfs which are higher 
than the proposed values indicated by Design Point 12. The post development condition 
anticipated in this report shows an improvement over the previously anticipated flows due to the 
reduction in drainage area from 44.4 acres to 36.3 acres. The difference will be developed and 
conveyed to the proposed detention pond for detention and water quality treatment. 
 
Offsite Basin (East) 
The historic offsite basin OB1.1A1 (Reduced) is the portion of the original OB1.1A1 sub-basin 
east of the proposed development area. This sub-basin is bounded on the west by the Crescent 
Moon right-of-way on the west. Flows from this basin will be captured at the east boundary of 
the proposed development and routed around the development via 48” Storm Pipe to a manhole 
where the flows will be combined with discharge from the proposed detention pond, and 
OB1.1A2, and conveyed westerly across Link Road via a proposed 48-inch storm pipe (replacing 
the existing 42-inch pipe). 
 

Basin 
Acreage 

Peak Flows 

Name 2-Year 5-Year 10-Year 100-Year 

OB1.1A1-Reduced 
(Less Developed 

Area) 
207.0 2.5 12.7 16.1 70.5 

 
This basin also receives discharges from the Fountain Mutual Irrigation Company (FMIC). The 
maximum indicated discharge from the FMIC has been stated by the FMIC (See letters in 
appendix C) to be 25 cfs.  
 
All of the analyzed sub-basins are described in more detail in the sub-basin table included in 
Appendix A. 
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III. Hydraulic Analysis 

A. OVERVIEW, METHODOLOGY & DESIGN 
 

Developed sub-basins and proposed drainage improvements are depicted on the attached 
Developed Drainage Basin Map (DR-02) in Appendix D. Preliminary hydraulic design calculations 
for sizing of onsite facilities are provided for in Appendix A. In general, the hydraulic criteria and 
intent are summarized as follows: 
 
In accordance with City of Fountain drainage criteria, major drainage will be conveyed through 
the Aspen Ranch Filing No. 1 development using a combination of open channels, underground 
storm sewer capacity and allowable street capacity.  For local residential streets, the maximum 
allowable depth used for the 100-year event is 8-inches or the extent of the street right-of-way 
such that buildings are not inundated at the ground line. 
 
The interior roads will be graded with a minimum longitudinal slope of 1.0 percent. In accordance 
with the street spread calculations in the DCM, the allowable minor storm street capacities are 
listed in Section B, below. 
 
City standard curb opening inlets will be specified where required for at-grade and sump collection 
point locations. Inlets will convey runoff to a storm sewer consisting of reinforced concrete pipes 
(RCP) with a minimum pipe diameter of 18-inches.  Preliminary storm sewer sizing has been 
provided based on full flow capacity at a minimum slope of 1.0 percent and can be referenced in 
Appendix A. Riprap stilling basins will be utilized at storm pipe outfalls. 
 
Hydraulic Grade Lines (HGLs) provided for the proposed storm sewer will be modeled in 
StormCAD using the standard loss method described in the DCM and will use the loss coefficients 
described in Table 9-4 in the DCM. HGLs will be provided as an addendum to the PDR/FDR 
with the Construction Drawings. 
 
A swale within the Black Hills Energy easement will be utilized to convey onsite drainage flows 
and provide separation between impervious surfaces in accordance with DCM recommended 
post-construction stormwater treatment BMPs. See Section D for further swale information.  
 
Hydraulic analysis has been completed as part of this study to determine the required storm pipe 
sizing for the site. Most proposed storm pipes have been upsized to accommodate larger flows as 
a conservative design. The 48” storm sewer conveying bypass flows from Sub-basin OB1.1A1 
(reduced) has been sized and analyzed based on a Q100 event plus the maximum indicated FMIC 
flow of 25 cfs. As mentioned previously, HGLs will be calculated in StormCAD and will be 
provided with later construction drawing submittals. Sizing and analysis of the on-site detention 
pond was completed using the UDFCD UD-Detention detention pond design and analysis tools. 
The pond has been evaluated to determine the peak release rates from the proposed detention 
pond and the storage required for the 100-year storm event.  
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B. ROAD CAPACITIES 
 

Streets internal to the development will have a back of curb to back of curb width of 34.33 feet. 
The table below describes the various street capacities within each sub-basin and the associated 
storm water loading for this development 

 
Street Capacities 

Aspen Ranch Filing No. 1 

Street Sub-basin BYPASS 
SOURCE 

Q(5)  
BYPASS 
FLOWS 

RECEIVED 
(cfs) 

Slope 
% 

ROAD 
CAPACITY  

MINOR 
STORM 

(cfs) 

Q(5) 
TOTAL 
FLOW 

Q(100)  
BYPASS 
FLOWS 

RECEIVED 
(cfs) 

ROAD 
CAPACITY  

MAJOR 
STORM 

Q(100) 
TOTAL 
FLOW 

(cfs) 

Link RD. B12b B12a 0.2 0.5 5.2 5.2 3.3 25 14.3 

Link RD. B1a     0.5 5.2 2.5   25 5.9 

Kane RD. B1b     1 7.9 6.3   44.8 13.6 

Castleabra B2a DP-7b (East) 1.4 2.2 12.5 4.1 6.9 42 12.9 

DR  B2b     1.4 9.75 5.7   42 12.4 

 Castlabra & 
Frasco DRs 

B2c     1.4 9.75 3.3   42 7.3 

 Frasco DR B3a     1.3 9.5 1.1   41 2.3 

 Cronin ST B3b     1.3 9.5 4.8   41 10.6 

Treasurevalt 
Trail  

B4 DP2 1.2 1.4 9.75 3.0 6.3 42 10.2 

 Cronin ST B6     1.2 9 8.7   41 19.1 

 Lackawanna 
ST 

B7     2.3 9.75 9.0   40 19.9 

 Blaurock DR B9     1.8 7.5 5.1   41 10.6 

 Crescent 
Moon 

B10     3 14.5 11.3   39.5 24.9 

 Silex ST B11     2.9 25.1 6.4   65.3 14.0 

 Rito Alto DR B12a     4.6 16.7 6.7   36.3 13.2 
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C. INLET SIZING 
The table below describes the inlet capacities and sizes for the proposed development by design point. 
 

PROPOSED INLET SUMMARY 
ASPEN RANCH FILING NO. 1 

DESIGN 
POINT 

SUB-
BASINS 

TOTAL 
AREA  
(AC) 

INLET Q(5)  
BYPASS 
FLOWS 

(cfs) 

Q(5)  
TOTAL 

INFLOW 
(cfs) 

Q(100)  
BYPASS 
FLOWS 

(cfs) 

Q(100)  
TOTAL 

INFLOW 
(cfs) 

INLET  
CAPACITY 

(cfs) 
NOTES: 

SIZE 
(Ft.) TYPE CONDITION 

1 B-10 6.55 12 D-10-R Sump  11.29  24.86 29.75   

2 B-11 3.68 10 D-10-R At-Grade 1.2 6.36 6.3 14.02 7.30 
DP 11a Receives 
Bypass 

3 B-12a 2.69 12 D-10-R 
At-Grade 

(x2) 
0.2 6.51 3.3 9.88  20% to south inlet 

4b B-12b 2.39 10 D-10-R Sump  5.16  14.30  Recieves bypass 
from DP3 

5 B-3b 3.18 8 D-10-R Sump (x2)  4.81  10.59 19.75   

7a B-9 2.08 6 D-10-R Sump (x2)  5.11  10.59 14.00   

7b 
(west) 

B-7 1.29 10 D-10-R At-Grade  2.26  4.98 8.10 
No Bypass 
25% of Sub-basin B7 

7b 
(east) 

B-7 3.88 10 D-10-R At-Grade 1.4 6.78 6.9 14.94 8.10 
DP 12 Receives 
Bypass 
75% of Sub-basin B7 

8 B-6 5.11 10 D-10-R Sump (x2)  8.69  19.14 25.00 
DP 13 Receives 
Bypass 
75% of Sub-basin B6 

11a B-4 1.24 10 D-10-R Sump  2.99  10.25 25.50 
BYPASS FROM DP 2 
Q5: 1.2 CFS,  
Q100: 6.3 CFS  

11b B-3a 0.75 10 D-10-R Sump  1.06  2.33 25.50   

12 B-2a 1.84 8 D-10-R Sump  4.14  12.93 19.75 
6.9+5.2=12.1CFS 
Q100 BYPASS 
FLOWS RECEIVED 

13 B-2b 3.74 8 D-10-R Sump  5.65  12.45 19.75   

14b 
B-2c, 
B-2d 

2.77 8 D-10-R Sump  3.76  8.28 19.75   

15a 
B-1a, 
B-1b 

4.98 12 D-10-R Sump  8.67  22.18 29.75   

22 
B13-

Link RD 
0.32 8 D-10-R At-Grade  0.75  1.35 19.75 

Link Road Flows 
only 
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Inlet Overflow Paths 

Design 
Point Overflow Path 

1 
In the case of blockage of this inlet flows will surcharge the curb and gutter and sheet flow across the tract 
to the west. Flows will enter the Link Road curb and gutter which will convey them downstream to the inlet 
at DP 4b 

4b 
Blockage of this inlet will direct flows either across the crown of the road and into the undeveloped 
property to the west or surcharge the highpoint in the Link Road curb and gutter flowing south to DP 15a 

5 
Blockage of the east inlet at this design point will result in runoff surcharging the crown of the road and 
entering the east inlet. If the east inlet is blocked, flows will surcharge the adjacent curb and will sheet flow 
west across the tract until reaching Link Road which will convey the flows south to DP15a. 

7a 
Blockage of these inlets will cause flows to surcharge the crown of the road and enter the opposite inlet. If 
the east inlet is blocked, then flows will surcharge the curb and gutter and sheet flow to the east. These 
flows will then be captured by the 48" bypass storm sewer and directed to the west. 

8 
Blockage of these inlets will cause flows to surcharge the crown of the road and enter the opposite inlet. If 
the west inlet is blocked, then flows will surcharge the curb and gutter and sheet flow south to the proposed 
drainage swale. Flows will continue west along the swale to DP 9 

11a Blockage of this inlet will cause flows to surcharge the bulb out and continue down Cronin to DP 12 

11b Blockage of this inlet will cause flows to surcharge the bulb out and continue down Cronin to DP 14b 

12 Blockage of this inlet will cause flows to surcharge the crown of Cronin and flow to DP 14b 

13 Blockage of this inlet will cause flows to surcharge the crown of Cronin and flow to DP 14b 

14b 
Blockage of this inlet will cause flow to surcharge the crown of Cronin and flow to DP 12 and DP 13. If all 
three inlets are blocked flows will surcharge the curb and sheet flow west across the adjacent tract to the 
detention pond. 

15a 
Blockage of this inlet will cause flows to surcharge the crown of Link Road and enter the property to the 
west. The flows will then be captured by the proposed swale and conveyed west along historic flow paths. 

D. SWALE ANALYSIS 
 

Swales are designed to comply with table 12-3 of the DCM. According to Section I.F more than 
77 percent of soils in the developed area are designated a “sandy loam”. Therefore, swale design 
for the development will comply with the criteria for erosive soils. 
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The table below describes the various swales included in the project: 
Swale Capacities 

Aspen Ranch Filing No. 1 

Design 
Point 

Sub-
basin 

Slope 
% 

SWALE 
CAPACITY  

MINOR 
STORM 

(cfs) 

Q(5) 
TOTAL 
FLOW 

(cfs) 

Q(5)  
VELOCTIY 

(FT/S) 

SWALE 
CAPACITY  

MAJOR 
STORM 

(cfs) 

Q(100) 
TOTAL 
FLOW 

(cfs) 

Q(100)  
VELOCTIY 

(FT/S) 

7b B-5 2.3 23.6 11.6 2.4 74.4 25.5 4.9 

9 B-5 2.3 23.6 12.0 2.4 74.4 26.2 3.0 

10 B-5 2.3 23.6 13.6 2.4 74.4 34.2 3.2 

Park B-5 1.4 86.3 3.6 1.4 101.5 14.3 2.1 

11b B-5 2.3 23.6 22.6 2.9 74.4 56.4 4.6 

21 
West of 

Site 
0.3 108.0 28.2 2.4 420.0 155.8 3.8 

NOTE: Capacities determined by maximum allowable velocity (Erosive Soils: Minor Storm: 3.5 ft/s, Major 
Storm: 5ft/s) 

E. DETENTION  
In accordance with the City of Fountain drainage criteria, the proposed Aspen Ranch Filing No. 1 
development will provide onsite full spectrum detention facilities to mitigate developed drainage 
impacts. Detained flows will release westerly to a proposed 48-inch RCP pipe (replacing the existing 
42-inch RCP and 30-inch x 19-inch HERCP pipes) crossing Link Rd and continue, as it has 
historically done, through the Eagleside Ranch development (specifically, through a property 
owned by Integrity Bank and Trust). The Emergency Spillway for the pond will be a broad crested 
weir discharging to Link Rd, where it will continue west across the road to Jimmy Camp Creek via 
historic drainage paths. Preliminary sizing for the full spectrum extended detention basin was 
performed utilizing UD-Detention, is enclosed in Appendix A and summarized as follows: 
 
Selected Pond Type: Extended Detention Basin (EDB) 
Tributary Area: 60.37 Acres 
Required Area for Pond Footprint: 2.3 Acres 
 

Pond Volumes 
Water quality Capture Volume (WQCV): 1.293 Acre-Ft 
Excess Urban Runoff Volume (EURV): 4.333 Acre-Ft 
2-yr Detention Volume: 2.096 Acre-Ft 
5-yr Detention Volume: 2.936 Acre-Ft 
100-yr Detention Volume: 6.346 Acre-Ft 
Micropool (0.3% of WQCV): 137.5 Cubic Feet 
 

Forebay Design Information 
Forebay Volumes (3% of WQCV) 

 North Forebay (DP 15b): 1039 Cubic Feet 
 East Forebay (DP 14b): 371 Cubic Feet  

Forebay Discharge Slots (per UD-BMP): 
 North Forebay (DP 15b): 6.9 inches 
 East Forebay (DP 14b): 4.6 inches 
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Outlet Structure: 
   
 Stage Outlet  
 (Feet) Component   
 -2.5 Floor of structure and micropool 
 -0.25 42” Discharge Pipe (Restrictor Plate 29.4 inches above pipe flowline 
 0 1-13/16” Diameter Orifice  
 1.28 1-13/16” Diameter Orifice 
 2.57 1-13/16” Diameter Orifice 
 3.83 2” (Vertical) x 4.06” (Horizontal) Orifice Dimensions 
 6.0 Top of Structure 8’ x 8’ square opening with 4:1 slope from east to west 
 
Pond Discharges 
5-year: 1.1 cfs 
100-year: 61.2 cfs 
Note: The 5-year discharge exactly matches the MDDP while the 100-year discharge is slightly 
lower than the MDDP (Q100: 70.3 cfs) 
 
Emergency Spillway Information  
Shape:  Trapezoidal 
Crest Length: 70 feet  
Depth: 1.9 feet 
Emergency Flow Depth: 0.9 feet 
Freeboard: 1 foot 
 
See UD-Detention models in Appendix A. The model indicates that the discharge from the 
proposed detention pond will be approximately 70% of the estimated historic flows from the site.  
 
In addition to the proposed Aspen Ranch Filing No. 1 development, the proposed detention pond 
is sized to handle the ultimate buildout of the portions of Link Road and Kent Road which will be 
captured by inlets and directed into the pond (DP 15a & 15b). The equivalent discharge to Historic 
Design Point 1 under proposed conditions will be Q5: 27.5 cfs and Q100: 151.2 cfs. This is less than 
the predevelopment values calculated in this report: Q5 = 31.96 cfs and Q100 = 182.48 cfs and, also 
complies with the values indicated in the Eagleside Ridge MDDP: Q5 = 36.4 cfs and Q100 = 228.0 
cfs. The overall discharges across Link Road are slightly higher than the those indicated in the 
MDDP for post development conditions (Aspen Ranch MDDP Flows: Q5: 23.9 cfs and Q100: 
147.4 cfs), however the difference, due to small changes in the modeling of offsite flows, is small 
and does not push the discharge values out of compliance with the other previous studies of the 
area mentioned above. Discharge from the development remains below predevelopment values. 
 
The existing 42” pipe across Link Road was buried at some point after its installation. Function of 
the pond and prevention of flooding to Link and Kane Roads will require that the discharge 
location be uncovered, and the restoration of its drainage swale to restore the historic drainage 
paths to downstream storm sewer infrastructure.  
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F. FLOODPLAINS 
Per the Flood Insurance Rate Map (FIRM) 08041C 0958 G, effective date December 7, 2018, 
published by the Federal Emergency Management Agency (FEMA), no portion of Aspen Ranch 
Filing No. 1 lies within any designated 100-year floodplain. A FIRMette of the project area is 
included in Appendix D. 
 

G. WATER TABLE CONSIDERATIONS 
At the time of this report initial investigations of the water table towards the south end of the 
proposed development indicate that the natural water table is around 15’ below the surface of the 
ground and that water releases from the FMIC significantly raise the water table in the south portion 
of the proposed development. The below image shows the initial effects of the FMIC release in 
the first week of May 2020 at Monitoring Well 2 which is located near the existing excavation (see 
illustration in Appendix C).  
 

 

Shallower 

Deeper 

Note the steep increase to water
table elevation shortly after start
of irrigation 

Existing 
Pond 

Monitoring Well Location 
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Matrix Environmental Services personnel performing the water table monitoring noted a clay stone 
layer when drilling the monitoring wells. This factor combined with observations of the rate of 
water table rise noted in the image above imply that excavation of the existing non-functioning 
detention pond may have broken through that clay layer and accelerated infiltration to the water 
table. (Another probable factor in this apparent quick rise in the water table is the proximity of the 
monitoring well to the north end of the existing detention pond which has a blocked discharge 
pipe).  
 
The above items suggest that the proposed bypass storm sewer provided by the proposed Aspen 
Ranch Filing No. 1 development may mitigate much of the water table rise by routing the FMIC 
releases around the hole in the observed claystone layer created by the detention pond and also 
reducing the ponding of water just east of the proposed development. Further investigation of the 
water table through the summer months should demonstrate more about how FMIC water releases 
may affect the water table in this area.  

IV. STORMWATER QUALITY 
The on-site detention facility is designed to accommodate water quality requirements. As the 
development of each parcel progresses, the detention guidelines outlined in this report are to be 
upheld.  
 
Per the DCM Chapter 1, Section 4, the City of Fountain requires the UDFCD Four Step Process 
for receiving water protection that focuses on reducing runoff volumes, treating the water quality 
capture volume (WQCV), stabilizing drainageways, and implementing long-term source controls.  
 
Step 1: Reduce runoff by disconnecting impervious area, eliminating “unnecessary” 
impervious area and encouraging infiltration into soils that are suitable. 
Site specific landscaping will be done on each lot to decrease the connectivity of impervious areas. 
Grass lined swales will be used where possible to allow ground infiltration. The open space running 
along the existing gas right of way is a site-specific example of disconnection between impervious 
surfaces on this project. 
 
Step 2:  Treat and slowly release the WQCV. 
The proposed detention pond meets or exceeds the DCM standards for the release rates of Full 
Spectrum Detention Ponds for Water Quality Capture Volumes. 
 
Step 3: Stabilize stream channels. 
The proposed project is not in a streamside zone. Fees paid at the time of platting should be utilized 
in the construction of stream improvements within the Jimmy Camp Creek Drainage Fee Basin, 
including stabilization. Drainage channels running through the site will be designed to comply with 
DCM criteria for grassed channels. 
 
Step 4: Implement source controls. 
During construction, the contractor will have designated concrete washout areas and will 
implement sediment control logs and inlet protection in order to control pollutants at their source. 
As on-site stockpiling of materials is not anticipated, no long-term source controls other than the 
proposed detention pond will be included in this development. 
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Exclusions 
Water quality treatment will be provided for the vast majority of proposed new pavement. A few 
minor exclusions will apply. Reconstruction of Kane Road will create a strip of pavement 6 feet in 
width which will replace existing pavement and will be impractical to detain. Section E.4.a.i.(A) 
allows for the reconstruction of roadway without requiring the provision of water quality treatment. 
Any additional width added to the roadway is already being treated in the proposed detention pond, 
therefore the 6’ width which will remain untreated complies with the referenced section which 
allows up to 8 feet of additional width to be added to the road without requiring water quality 
treatment. Other areas along Link Road which are tributary to Design Point 22 will continue to be 
treated in downstream detention in the Eagleside View development. 

V. Erosion Control Plan 
A grading and erosion control plan (GEC) and Storm Water Management Plan (SWMP) for the 
proposed development will be submitted for review. The GEC will incorporate straw wattles, straw 
bale check dams, silt fence, vehicle tracking control, inlet & outlet control, sedimentation basins 
and other best management practices (BMPs) identified in the DCM Volume 2. 

VI. SYSTEM PRIORITIES/PHASING 
No phasing of the development has been provided at this time. Once development of any portion 
of the site begins, the owner will be responsible for providing detention and water quality in 
accordance with the MDDP, this FDR/PDR and JCC DBPS, before releasing downstream. 
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VII. Fee Development 

A. Construction Cost Opinion 
Engineer's Estimate of Probable Construction Costs 

Aspen Ranch Filing No. 1 
Public Non-Reimbursable 

Item Unit Quantity Unit Cost Extension 
18" RCP LF 653 $145.00 $94,685.00 
24" RCP LF 1234 $155.00 $191,270.00 
30" RCP LF 307 $165.00 $50,655.00 
36" RCP LF 985 $175.00 $172,375.00 
42" RCP LF 30 $185.00 $5,550.00 
48" RCP LF 183 $195.00 $35,685.00 
TYPE II MANHOLE EA 13 $3,000.00 $39,000.00 
6' INLET EA 2 $4,500.00 $9,000.00 
8' INLET EA 6 $6,200.00 $37,200.00 
10' INLET EA 8 $8,000.00 $64,000.00 
12' D-10-R EA 4 $10,000.00 $40,000.00 
30" FES EA 2 $990.00 $1,980.00 
36" FES EA 4 $1,050.00 $4,200.00 
48" FES EA 1 $1,170.00 $1,170.00 
    Sub Total $746,770.00 

  
Private Non-Reimbursable 

48" RCP LF 1866 $195.00 $363,870.00 
TYPE II MANHOLE EA 4 $3,000.00 $12,000.00 
48" FES EA 1 $1,170.00 $1,170.00 
DETENTION/WQ POND (Private) EA 1 $200,000.00 $200,000.00 
    Sub Total $577,040.00 
          
    10% Contingency $132,381.00 
    TOTAL: $1,456,191.00 

 

Since the engineer has no control over the cost of labor, materials, equipment or services furnished 
by others, or over the contractor’s method of determining prices, or over the competitive bidding 
or market conditions, the opinion of probable construction costs provided herein are made on the 
basis of the engineer’s experience and qualifications and represents the best judgment as an 
experienced and qualified professional familiar with the construction industry.  The engineer 
cannot, and does not guarantee that proposals, bid or actual construction costs will not vary from 
the opinion of probable costs. 
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B. Drainage Basin Fees 
The parcel is located within the Jimmy Camp Creek Drainage Basin, which has a drainage fee 
requirement based on City of Fountain drainage policies. The City of Fountain Municipal Code has 
established the 2020 Drainage Fees for Jimmy Camp Creek Drainage Basin Fees at a rate of 
$12,086.66 per impervious acre and a Bridge Fee at a rate of $1,967.43 per impervious acre.  
 

Aspen Ranch Filing No. 1 
Regions/Types 

Area  
(Acres) 

Impervious 

Parks/Tracts/Pond 13.50 7% 
Residential 44.46 65% 
Future Fire Station 0.91 95% 

Weighted Impervious 52% 

Fees 

Impervious Acres 31.218 
Drainage Fee 12,086.66 / Imp. Acre $ 377,324.82  

Bridge Fee 1,967.43 / Imp. Acre  $ 61,419.79  

 Total Fees: $ 438,744.61  
 
Please note that the imperviousness of the Aspen Ranch Filing No. 1 development is slightly 
different from the Detention Pond’s Imperviousness due to the pond including Link and Kane 
Road areas. 

VIII. Summary 
This report has shown that the proposed Aspen Ranch Filing No. 1 development will not have 
negative effects on the receiving drainage way, nor will it negatively affect downstream 
developments. Proposed discharges will be at or below historic levels and the WQCV will be treated 
for both the proposed development and the adjacent portions of Link and Kane Roads. The project 
maintains compliance with previous studies of the area (including the MDDP for Aspen Ranch, 
approved in November of 2019), the governing DCM, the City MS4 Permit, and downstream storm 
water infrastructure. 
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Sub-Basin Descriptions 
Sub-Basin Description 

B1a 
Flows in this sub-basin will sheet flow off the back of residential lots at a 2 to 3% slope 
towards Link Road which will convey the runoff to the south to Design Point 15a via curb 
and gutter at a slope of approximately 0.4% 

B1b 
Flows in this sub-basin will sheet flow off the back of residential lots at a slope of 3.8%. 
Once reaching Kane Road flows will be conveyed west to Design Point 15a via curb and 
gutter at a slope of 1% 

B1c 
Runoff in this sub-basin will sheet flow off the back of the adjacent residential lots 
towards the proposed detention pond. Once reaching the detention pond flows will be 
conveyed to the pond outlet structure by the concrete trickle channel at a slope of 0.5%. 

B2a 
Runoff from the front of residential lots along Castleabra Drive will sheet flow south 
towards the street at a 5% slope. Flows in the street will be conveyed to the west via 
curb and gutter to Design Point 12 at a slope of 2.2% 

B2b 

Runoff in this sub-basin will sheet flow either north to Castleabra Drive or South to 
Frasco Drive. Once reaching these streets flows will be conveyed via curb and gutter to 
Design Point 13. Flows in Frasco Drive at a slope of 1.3% and flows in Castleabra at a 
slope of 2.2%. Flows in Frasco Drive will continue along Cronin Street at 1.3% to the 
location of DP 13 at the Southeast quadrant of Cronin and Castleabra. 

B2c 

Runoff from the front of residential lots along Frasco Drive will sheet flow north at a slope 
of 5% to Frasco Drive. Once reaching the street flows will be conveyed to DP 14b via 
curb and gutter at a slope of 1.3%. The flows will continue from the point where Frasco 
intersects Cronin Street, along Cronin Street at 1.3% to the location of DP 13 at the 
Southeast quadrant of Cronin and Castleabra 

B2d 
Flows in this small sub-basin will sheet flow off of the front lots along Cronin Street to the 
street's curb and gutter at a slope of 5%. Once reaching the street flows will be 
conveyed to DP 14b at a slope of 1.3%. 

B3a 
Flows in this sub-basin will sheet flow off of the front  of the residential lots along Cronin 
Street at a slope of 5%. Once reaching the street, flows will be conveyed south to DP 
11a at a slope of 1.3% 

B3b 

Flows along the outside (generally west) of Treasurevalt Trail will sheet flow to the street 
at a slope of 5%. Flows on the inside lots (generally east) will sheet flow at slopes 
varying from 2.8% to 11% to Treasurevalt Trail. Once reaching the street, the runoff will 
be conveyed to Design Point 5 at a slope of 2% from the north and 2.6% from the 
southeast. 

B4 
This sub-basin represents the front lots along Cronin Street which are tributary to 
DP11a. Flows will sheet flow off the front of the lots at a slope of 5%. Once reaching the 
street flows are conveyed south to DP11a at a slope of 1.3% via curb and gutter 

B5 

This sub-basin represents a park area as well as the back of some lots along Cronin 
Street and Castleabra Drive. Flows will sheet flow off the back of the lots and park area 
at slopes varying from 2% to 2.6% towards the grassed swales running along the west 
edge of the park area and running east to west along the middle of the south leg of the 
sub-basin. Flows in the swales will be conveyed to DP 10 at slopes of 1.4% from the 
north and 2.2% from the east. 

B6 
Flows in this sub-basin will sheet flow from the back of lots along Blaurock Drive towards 
Lackawanna Street at slopes varying from 1% to 5%. Once reaching the street flows are 
conveyed to DP8 via curb and gutter at slopes varying from 1.2% to 4%. 

B7 

This sub-basin represents the front lots along the west side of Blaurock Drive and the 
whole lots on the east side of Blaurock Drive. Flows on the west side will sheet flow off 
the front lots at a slope of 5% towards the street. Flows on the east side will sheet flow 
towards the street at slopes varying from 2.2% to 7.4%. Once reaching Blaurock Drive 
flows will be conveyed to DP7b at slopes ranging from 1.7% to 3.2%. 

B8 
This sub-basin represents a small drainage tract (Tract C). Flows will sheet flow west off 
of this sub-basin to Blaurock Drive which will convey the flows to DP7b at a slope of 
1.7%. 
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Sub-Basin Descriptions 
Sub-Basin Description 

B9 

This sub-basin represents the drainage area tributary to Crescent Moon along the east 
side of the Aspen Ranch Filing No. 1 development. Flows will sheet flow off of the 
adjacent right of way to the Crescent Moon curb and gutter. Once reaching the street 
flows will be conveyed to DP7a at a slope ranging from 1% to 4%. 

B10 
This sub-basin represents the area tributary to DP1. Flows in this sub-basin will sheet 
flow at a 5% slope to Silex Street and Pin Point Drive. Once reaching the curb and gutter 
the flows will be conveyed to DP1 via curb and gutter at slopes ranging from 3.7% to 4% 

B11 

Flows in this sub-basin will sheet flow off the back of lots along Silex Street and off the 
whole of lots along Tijeras Street to Tijeras street at slopes ranging from 7.4% to 5%. 
Once reaching Tijeras Street, flows are conveyed westward at a slope of 3.7% to Cronin 
Street. The east side of Cronin Street will then convey the flows south to DP2 at slopes 
ranging from 1.3% to 2.9%. 

B12a 

This sub-basin represents the area on each side of Watchmen Road and the west side 
of Cronin north of Watchmen. Runoff will sheet flow off the front of the lots adjacent to 
Cronin Street at a slope of 5% and Runoff along Watchmen will sheet flow off of Lot 218 
(future Fire Station) to Watchmen at slopes ranging from 1.8% to 5%. Once reaching 
Cronin, Flows will be conveyed via curb and gutter at a slope of 2.9% to Watchmen 
Road. Watchmen Road will convey flows from Cronin and the adjacent lot at a slope of 
4.6% to DP3.  

B12b 

This sub-basin represents flows on the east side of Link Road several hundred feet to 
either side of Watchmen Road. Flows in this sub-basin will sheet flow off of Lot 218 at a 
slope of around 5% to Link Road. Flows will also sheet flow off the back of lots along 
Treasurevalt Trail at a slope of 5% to Link Road. Once reaching Link Road these flows 
will be conveyed via curb and gutter to DP 4b at slopes ranging from 0.3% to 1.4%. 

B13 

This is a (mostly) offsite basin. Flows will sheet flow off of the undeveloped area north of 
the proposed Aspen Ranch Filing No.1 development to a proposed swale running west 
at slopes ranging from 1% to 7% along the north of the cut at the north boundary of the 
development, entering the development just east of Link Road. From here the flows will 
sheet flow to DP 22. 

OB1.1A1-
Reduced 
(Less 
Developed 
Area) 

This represents the large sub-basin east of the project area. Flows will sheet flow off of 
the surrounding hills at grades of 2% to 9% towards the natural drainage way running at 
an estimated 2% grade towards the project area. These flows will be captured at DP 18 
and be conveyed around the project via 48-inch Storm sewer sized to handle both 
natural flows and FMIC flows simultaneously. 

OB1.1A2 
(Not Reduced 
by 
Development) 

This represents the large sub-basin south of the proposed project. Flows will sheet flow 
off of the surrounding hills at grades ranging from 3% to 9% towards a natural drainage 
way which terminates at the Southeast quadrant of the intersection of Link and Kane 
Roads. These flows will be captured by a 36-inch RCP storm sewer and be conveyed 
around the project via a 48-inch RCP storm sewer after crossing Kane Road. 

OB1.1B-
Reduced 
(Less 
Developed 
Area) 

This is a sub-basin located to the north of the proposed project. Runoff in this 
undeveloped sub-basin will sheet flow off of the surrounding hills at slopes ranging from 
3% to 9% into sub-basin B13 where the grades are designed to convey flows to an 
extended existing cross road pipe at DP 22. 

 
  



 Area    
(Acres)

Q5
 (cfs)

Q100 
(cfs)

Size (inches) Type Grade (%)

1: B10 Capture by: 12-foot sump D-10-R Curb Inlet 6.6 11.3 24.9 24 RCP 2.45 4
2: B11 Capture by: 10-foot At-grade D-10-R Curb Inlet 3.7 6.4 14.0 18 RCP 3 3

3: B11, B10
Capture by: 12-foot & 8-foot 
At-Grade D-10-R Curb Inlets

10.2 17.6 38.8 30 RCP 1.1 4

4a: B10, B11, B12a
Manhole in Link Road 

combining B12a & DP 3
12.9 25.1 53.1 36 RCP 0.60 6

4b: B10, B11, B12a, 12b
Sump Inlet on Link Road and MH 

Combining DP 4b w/ Sub-basin B12b
15.3 26.4 55.9 36 RCP 0.60 6

5: B3b Capture by:2-8-foot sump D-10-R Curb Inlets 3.2 4.8 10.6 18 RCP 1 6

6: B3b, B10, B11, B12a, B12b
Manhole in Link Road 

combining DP5 & DP4b
18.5 30.4 65.7 36 RCP 0.5 15b

7a: B8, B9 Surface flow to inlet in B9 2.4 4.2 9.1 18 RCP 1 7b
7b: B7, B8, B9 At-Grade Inlets 7.6 11.6 25.5 36 RCP 1.5 9
8: B6 Sump Inlets 5.1 8.7 19.1 30 or 2 x 24-inch Eq. Elliptical pipes. RCP 0.5 9
9: B6, B7, B8, B9 Trapezoidal swale 12.7 12.0 26.2 8' bottom width 5:1 side slopes Swale 2.3 10
10: B5, B6, B7, B8, B9 36-inch Flared End Section 20.6 13.6 34.2 36 RCP 1.25 11a
11a: B4, B5, B6, B7, B8,  B9 12-foot At Grade Inlet 21.9 21.2 54.5 36 RCP 1.25 11b

11b: B3a, B4, B5, B6, B7, B8, B9 12-foot At Grade Inlet 22.6 22.6 56.4
36

Swale (8' bottom width 5:1 side slopes)
RCP

Swale
1.25
2.3

16

12: B2a Sump Inlet 1.8 4.1 12.9 24 RCP 1 14a
13: B2b Sump Inlet 3.7 5.7 12.4 18 RCP 1.25 14a
14a: B2a, B2b Manhole combining flows from DP 12 & 13 5.6 9.6 25.0 24 RCP 1 14b
14b: B2a, B2b, B2c, B2d Sump Inlet 8.4 12.5 31.4 24 RCP 3 16
15a: B1a, B1b Link and Kane Roads 5.0 8.5 18.9 24 RCP 1 15b
15b: B1a, B1b, B3b, B10, B11, B12a, 
B12b

Northwest Forebay 23.5
8.5
30.8

18.9
66.5

24
36

RCP
0.87

1
16

16: B1a, B1b, B1c, B2a, B2b, B2c, 
B3a, B3b, B4, B5, B6, B7, B8, B9

See UD-Detention for Basin Volume Analysis 60.4 38.1 90.4 Trickle Channel Concrete 0.5 17

17: Detention Pond Discharge See UD-Detention for outlet structure design information 60.4 1.1 83.3 42 RCP 0.5 21

18: OB1.1A1 48" Storm Pipe Routing around development 207.0 12.7 70.5 48 RCP 1.4 20

19: OB1.1A2
42" Crossroad pipe to 48" Storm Pipe Routing around 

development
223.8 13.5 87.8 36 RCP 2 20

20: OB1.1A1, OB1.1A2 48" Storm Pipe Routing around development 430.8 27.3 154.8 48 RCP 2 21
21: B1a, B1b, B1c, B2a, B2b, B2c, 
B3a, B3b, B4, B5, B6, B7, B8, B9, 
OB1.1A1, OB1.1A2

Crossroad discharge pipe 491.2 28.2 155.8
48

Swale(8' bottom width, 4:1 side slopes)
RCP

Swale
1.84
0.25

Existing Swale

22: B13, OB1.1B-Reduced

Combination of offsite undeveloped with Sub-basin B13 
(which contains only open space and offsite). Storm water will 
continue to be treated and detained by Existing Pond B to the 

west.

36.3 7.3 35.1 30 x 18 HERCP Existing Storm Sewer

Downstream Design 
Point

Upstream

Aspen Ranch
Proposed Conditions

Design Point Summary Table

Description
Outlet Pipe 

Design Point: Sub-basins



RATIONAL METHOD - EXISTING CONDITIONS

Project Name: ASPEN RANCH
Project Location: FOUNTAIN, CO
Designer JTS
Notes: Existing Conditions

Average Channel Velocity 5 ft/s (If specific channel vel is used, this will be ignored)
Average Slope for Initial Flow 0.04 ft/ft (If Elevations are used, this will be ignored)
Note:
Q2, Q5 & Q10 are based on C10;
Q25, Q50 & Q100 are based on C100

Tc

Area Initial
True 
Initial

Length
Channel

True 
Channel
Length

High 
Point

Low 
Point

Average Initial 
High 
Point

Low 
Point

Average Velocity Channel Total i2 Q2 i5 Q5 i10 Q10 i100 Q100

sf acres C5 C100 Area (SF) C5 C100 Area (SF) C5 C100 ft ft ft  ft Elevation Elevation Slope Tc (min) Elevation Elevation Slope (ft/s) Tc (min) (min) in/hr cfs in/hr cfs in/hr cfs in/hr cfs
OSB1.1A1 10932748 250.98 0.15 0.45 10932748 0.90 0.96 0.15 0.45 300 300 6567 6567 5760 5660 0.333 9.6 5660 5600 0.009 3.0 36.5 46.0 3.4 14.0 28.6 87.0
OSB1.1A2 9748453 223.79 0.15 0.45 9748453 0.90 0.96 0.15 0.45 300 300 3251 3251 5760 5660 0.333 9.6 5660 5610 0.015 3.0 18.1 27.6 3.1 13.5 28.2 87.8
OSB1.1B 1933316 44.38 0.15 0.45 1933316 0.90 0.96 0.15 0.45 300 300 2000 2000 5685 5675 0.033 20.6 5675 5614 0.031 3.2 10.4 31.0 1.9 12.7 2.4 15.9 2.8 18.6 4.0 80.4 Rational Method

77.04
Total Area within Proposed Project = 11681769 268.18

Total Offsite Areas = 10932748 250.98

Existing Conditions:
Design Points

Area
Area

(Acres)
Q2 i5 Q5 i10 Q10 i100 Q100

OS1 (Sub-basins OSB1.1A1 & OSB1.1A2) 20681201 474.78 6.5 27.5 56.8 174.8 SCS Method
OS2 (Sub-basin OSB1.1B) 1933316 44.38 12.7 15.9 18.6 80.4 Rational Method

Area Rational 'C' Values Flow Lengths

SCS Method

Basin 

Surface Type 1 
(Meadow)

Surface Type 2
(Pavement/Commercially 

Developed)

SCS Flow Rates Initial Flow Channel Flow

Weighted 
C-Factor

20200228 Aspen Ranch - Rational Calculations.xls 3/6/2020



RATIONAL METHOD - PROPOSED CONDITIONS

Project Name: ASPEN RANCH
Project Location: FOUNTAIN, CO 2
Designer JTS 3
Notes: Proposed Conditions Short Pasture and Lawns 4

5
Average Channel Velocity 5 ft/s (If specific channel vel is used, this will be ignored) 6

Average Slope for Initial Flow 0.04 ft/ft (If Elevations are used, this will be ignored) 7
Impervious %

Tc

Description Initial True Initial Channel True Channel High Point Low Point Average Initial High Point Low Point Average
Channel Flow 
Type (See Key 

above)
Velocity Channel Total i2 Q2 i5 Q5 i10 Q10 i100 Q100 % Imp

SF Acres C5 C100 Area (SF) C5 C100 Area (SF) C5 C100 Area C5 C100 Area C5 C100 ft Length ft ft Length ft Elevation Elevation Slope Tc (min) Elevation Elevation Slope Ground Type (ft/s) Tc (min) (min) in/hr cfs in/hr cfs in/hr cfs in/hr cfs
B1a Pond and Kane Road 63535 1.46 0.12 0.39 32325 0.09 0.36 0.45 0.59 10870 0.90 0.96 20340 0.43 0.61 50 50 1104 1104 5628 5626 0.040 5.6 5626 5595 2.81 7 3.3 5.5 11.1 3.1 2.0 3.9 2.5 4.6 2.9 6.6 5.9 46.7%
B1b Pond and Kane Road 153493 3.52 0.12 0.39 46339 0.09 0.36 0.45 0.59 53099 0.90 0.96 54055 0.51 0.66 50 50 1682 1682 5627 5624 0.060 4.3 5624 5595 1.72 7 2.6 10.8 15.0 2.7 5.0 3.5 6.3 4.0 7.3 5.8 13.6 59.8%
B1c Pond and Kane Road 256686 5.89 0.12 0.39 207971 0.09 0.36 0.45 0.59 48715 0.90 0.96 0.19 0.43 50 50 762 762 5627 5626 0.020 9.6 5626 5595 4.07 4 1.4 9.1 18.6 2.5 2.8 3.1 3.5 3.6 4.1 5.2 13.4 18.0%
B2a Single Family Residential 80083 1.84 0.12 0.39 0.09 0.36 0.45 0.59 80083 0.90 0.96 0.45 0.59 100 100 775 775 5632 5631 0.010 12.2 5631 5616 1.94 7 2.8 4.7 16.8 2.6 2.2 3.3 2.7 3.8 3.2 5.5 6.0 65.0%
B2b Single Family Residential 163118 3.74 0.12 0.39 0.09 0.36 0.45 0.59 163118 0.90 0.96 0.45 0.59 95 95 736 736 5630 5629 0.011 11.6 5629 5616 1.77 7 2.6 4.7 16.4 2.6 4.5 3.3 5.7 3.9 6.6 5.6 12.4 65.0%
B2c Single Family Residential 108727 2.50 0.12 0.39 0.09 0.36 0.45 0.59 108727 0.90 0.96 0.45 0.59 100 100 1132 1132 5630 5629 0.010 12.2 5629 5616 1.15 7 2.1 9.0 21.1 2.3 2.6 2.9 3.3 3.4 3.9 4.9 7.3 65.0%
B2d Single Family Residential 12115 0.28 0.12 0.39 0.09 0.36 0.45 0.59 12115 0.90 0.96 0.45 0.59 50 50 201 201 5618 5618 0.003 12.8 5618 5616 1.04 7 2.0 1.7 14.5 2.8 0.4 3.5 0.4 4.1 0.5 5.9 1.0 65.0%
B3a Single Family Residential 32826 0.75 0.12 0.39 0.09 0.36 0.45 0.59 32826 0.90 0.96 0.45 0.59 94 94 752 752 5626 5625 0.011 11.5 5625 5619 0.80 7 1.7 7.5 19.0 2.5 0.8 3.1 1.1 3.6 1.2 5.2 2.3 65.0%
B3b Single Family Residential 138690 3.18 0.12 0.39 0.09 0.36 0.45 0.59 138690 0.90 0.96 0.45 0.59 94 94 600 600 5626 5625 0.011 11.5 5625 5618 1.17 7 2.1 4.8 16.3 2.6 3.8 3.3 4.8 3.9 5.6 5.6 10.6 65.0%
B4 Single Family Residential 54121 1.24 0.12 0.39 0.09 0.36 0.45 0.59 54121 0.90 0.96 0.45 0.59 109 109 644 644 5628 5627 0.009 13.1 5627 5619 1.24 7 2.2 4.9 18.0 2.5 1.4 3.2 1.8 3.7 2.1 5.3 3.9 65.0%
B5 Open Space 345571 7.93 0.12 0.39 286770 0.09 0.36 0.45 0.59 58801 0.90 0.96 0.18 0.43 173 173 999 999 5646 5638 0.046 13.6 5638 5614 2.40 4 1.1 15.4 28.9 2.0 2.8 2.5 3.6 2.9 4.2 4.2 14.3 16.9%
B6 Single Family Residential 222545 5.11 0.12 0.39 0.09 0.36 0.45 0.59 222545 0.90 0.96 0.45 0.59 100 100 1093 1093 5655 5647 0.080 6.1 5647 5625 2.01 7 2.8 6.4 12.5 3.0 6.9 3.7 8.7 4.4 10.1 6.3 19.1 65.0%
B7 Single Family Residential 225559 5.18 0.12 0.39 0.09 0.36 0.45 0.59 225559 0.90 0.96 0.45 0.59 100 100 1220 1220 5675 5661 0.140 5.0 5661 5632 2.38 7 3.0 6.7 11.7 3.1 7.2 3.9 9.0 4.5 10.6 6.5 19.9 65.0%
B8 Open Space 14478 0.33 0.12 0.39 14478 0.09 0.36 0.45 0.59 0.90 0.96 0.12 0.39 88 88 88 88 5634 5625 0.102 7.9 5625 5623 2.27 4 1.0 1.4 9.3 3.3 0.1 4.2 0.2 4.9 0.2 7.1 0.9 7.0%
B9 Crescent Moon 90758 2.08 0.12 0.39 35921 0.09 0.36 0.45 0.59 0.90 0.96 54837 0.60 0.74 20 20 1580 1580 5677 5676 0.050 2.4 5676 5631 2.85 7 3.3 7.9 10.3 3.2 4.1 4.1 5.1 4.7 6.0 6.8 10.6 63.2%
B10 Single Family Residential 285479 6.55 0.12 0.39 0.09 0.36 0.45 0.59 285479 0.90 0.96 0.45 0.59 100 100 1400 1400 5674 5661 0.130 5.2 5661 5621 2.86 7 3.3 7.0 12.1 3.0 9.0 3.8 11.3 4.4 13.2 6.4 24.9 65.0%
B11 Single Family Residential 160509 3.68 0.12 0.39 0.09 0.36 0.45 0.59 160509 0.90 0.96 0.45 0.59 100 100 1040 1040 5661 5655 0.060 6.7 5655 5627 2.69 7 3.2 5.4 12.1 3.0 5.0 3.8 6.4 4.4 7.4 6.4 14.0 65.0%
B12a Open Space/Public Safety 117349 2.69 0.12 0.39 0.09 0.36 0.45 0.59 66112 0.90 0.96 51237 0.65 0.76 100 100 818 818 5639 5638 0.010 8.4 5638 5610 3.42 7 3.7 3.7 12.1 3.0 5.3 3.8 6.7 4.4 7.8 6.4 13.2 80.3%
B12b Open Space/Public Safety 104287 2.39 0.12 0.39 39227 0.09 0.36 630 0.45 0.59 25100 0.90 0.96 39330 0.50 0.66 100 100 664 664 5627 5615 0.120 4.9 5615 5607 1.20 7 2.2 5.1 10.0 3.3 3.9 4.1 5.0 4.8 5.8 6.9 11.0 56.0%

B13
Open Space, Offsite Undeveloped, Small Portion of 

Single Family
361044 8.29 0.12 0.39 0.09 0.36 302609 0.45 0.59 43731 0.90 0.96 14704 0.17 0.42 205 205 1623 1623 5685 5684 0.005 31.6 5684 5614 4.31 4 1.5 18.6 50.3 1.4 2.0 1.8 2.5 2.1 2.9 3.0 10.5 13.6%

OB1.1A1-Reduced
(Less Developed Area)

Offsite Sub-basin East of Development Area.
SCS Calculations from AutoDesk SAS

9017468 207.01 CN 61.00 2.5 12.7 16.1 70.5 SCS METHOD

OB1.1A2
(Not Reduced by Development)

Offsite Sub-basin South of Development
SCS Calculations from AutoDesk SAS

9748453 223.79 CN 61.00 3.1 13.5 28.2 87.8 SCS METHOD

OB1.1B-Reduced
(Less Developed Area)

Offsite Sub-basin North of Development 1219563 28.00 0.12 0.39 1219563 0.09 0.36 0.45 0.59 0.90 0.96 0.12 0.39 300 300 2000 2000 5685 5675 0.033 21.2 5675 5614 3.05 4 1.2 27.5 48.7 1.4 4.9 1.8 6.1 2.1 7.1 3.0 33.4 7.0%

Tc

Initial True Initial Channel True Channel High Point Low Point Average Initial High Point Low Point Average
Channel Flow 

Type 
(See Key above)

Velocity Channel Total i2 Q2 i5 Q5 i10 Q10 i100 Q100 % Imp

Description SF Acres C5 C100 Area (SF) C5 C100 Area (SF) C5 C100 Area C10 C100 Area C5 C100 ft Length ft ft Length ft Elevation Elevation Slope Tc (min) Elevation Elevation Slope Ground Type (ft/s) Tc (min) (min) in/hr cfs in/hr cfs in/hr cfs in/hr cfs
1: B10 Capture by: 12-foot sump D-10-R Curb Inlet 285479 6.55 0.12 0.39 0 0.09 0.36 0 0.45 0.59 285479 0.90 0.96 0 0.45 0.59 100 100 1400 1400 5674 5661 0.130 5.2 5661 5621 2.86 7 3.3 7.0 12.1 3.0 9.0 3.8 11.3 4.4 13.2 6.4 24.9 65.0%

2: B11 Capture by: 10-foot At-grade D-10-R Curb Inlet 160509 3.68 0.12 0.39 0 0.09 0.36 0 0.45 0.59 160509 0.90 0.96 0 0.45 0.59 100 100 1040 1040 5661 5655 0.060 6.7 5655 5627 2.69 7 3.2 5.4 12.1 3.0 5.0 3.8 6.4 4.4 7.4 6.4 14.0 65.0%

3: B11, B10
Capture by: 12-foot & 8-foot 

At-Grade D-10-R Curb Inlets
445988 10.24 0.12 0.39 0 0.09 0.36 0 0.45 0.59 445988 0.90 0.96 0 0.45 0.59 100 100 1400 1400 5674 5661 0.130 5.2 5661 5621 2.86 7 3.3 7.0 12.1 3.0 14.0 3.8 17.6 4.4 20.6 6.4 38.8 65.0%

4a: B10, B11, B12a
Manhole in Link Road 

combining B12a & DP 3
563337 12.93 0.12 0.39 0 0.09 0.36 0 0.45 0.59 512100 0.90 0.96 51237 0.50 0.63 100 100 1400 1400 5674 5661 0.130 4.8 5661 5621 2.86 7 3.3 7.0 11.7 3.1 19.9 3.9 25.1 4.5 29.3 6.5 53.1 68.2%

4b: B10, B11, B12a, 12b
Sump Inlet on Link Road and MH 

Combining DP 4b w/ Sub-basin B12b
667624 15.33 0.12 0.39 39227 0.09 0.36 630 0.45 0.59 537200 0.90 0.96 90567 0.50 0.63 100 100 2064 2064 5674 5661 0.130 4.8 5661 5607 2.62 7 3.2 10.7 15.4 2.7 20.9 3.4 26.4 4.0 30.8 5.7 55.9 66.3%

5: B3b Capture by:2-8-foot sump D-10-R Curb Inlets 138690 3.18 0.12 0.39 0 0.09 0.36 0 0.45 0.59 138690 0.90 0.96 0 0.45 0.59 94 94 600 600 5626 5625 0.011 11.5 5625 5618 1.17 7 2.1 4.8 16.3 2.6 3.8 3.3 4.8 3.9 5.6 5.6 10.6 65.0%

6: B3b, B10, B11, B12a, B12b
Manhole in Link Road 

combining DP5 & DP4b
806314 18.51 0.12 0.39 39227 0.09 0.36 630 0.45 0.59 675890 0.90 0.96 90567 0.49 0.63 100 100 2000 2000 5674 5661 0.130 4.9 5661 5618 2.15 7 2.9 11.5 16.4 2.6 24.1 3.3 30.4 3.9 35.5 5.6 65.7 66.1%

7a: B8, B9 Surface flow to inlet in B9 105236 2.42 0.12 0.39 50399 0.09 0.36 0 0.45 0.59 0 0.90 0.96 54837 0.53 0.69 88 88 1668 1668 5677 5676 0.011 9.6 5676 5623 3.18 7 3.5 7.9 17.5 2.6 3.3 3.2 4.2 3.8 4.9 5.4 9.1 55.5%
7b: B7, B8, B9 At-Grade Inlets 330795 7.59 0.12 0.39 50399 0.09 0.36 0 0.45 0.59 225559 0.90 0.96 54837 0.48 0.63 88 88 1668 1668 5677 5676 0.011 10.4 5676 5623 3.18 7 3.5 7.9 18.3 2.5 9.2 3.2 11.6 3.7 13.5 5.3 25.5 62.0%
8: B6 Sump Inlets 222545 5.11 0.12 0.39 0 0.09 0.36 0 0.45 0.59 222545 0.90 0.96 0 0.45 0.59 100 100 1093 1093 5655 5647 0.080 6.1 5647 5625 2.01 7 2.8 6.4 12.5 3.0 6.9 3.7 8.7 4.4 10.1 6.3 19.1 65.0%
9: B6, B7, B8, B9 Trapezoidal swale 553340 12.70 0.12 0.39 50399 0.09 0.36 0 0.45 0.59 448104 0.90 0.96 54837 0.47 0.61 88 88 2108 2108 5678 5677 0.011 10.6 5677 5622 2.61 4 1.1 31.1 41.7 1.6 9.5 2.0 12.0 2.3 14.0 3.3 26.2 63.2%
10: B5, B6, B7, B8, B9 36-inch Flared End Section 898911 20.64 0.12 0.39 337169 0.09 0.36 0 0.45 0.59 506905 0.90 0.96 54837 0.36 0.54 88 88 2408 2408 5677 5676 0.011 12.4 5676 5614 2.57 4 1.1 36.3 48.7 1.4 10.8 1.8 13.6 2.1 15.8 3.0 34.2 45.4%
11a: B4, B5, B6, B7, B8,  B9 12-foot At Grade Inlet 953032 21.88 0.12 0.39 337169 0.09 0.36 0 0.45 0.59 561026 0.90 0.96 54837 0.36 0.55 88 88 2408 2408 5677 5676 0.011 12.4 5676 5614 2.57 7 3.2 12.7 25.1 2.1 16.8 2.7 21.2 3.1 24.8 4.5 54.5 46.5%
11b: B3a, B4, B5, B6, B7, B8, B9 12-foot At Grade Inlet 985858 22.63 0.12 0.39 337169 0.09 0.36 0 0.45 0.59 593852 0.90 0.96 54837 0.37 0.55 88 88 2428 2428 5677 5676 0.011 12.3 5676 5615 2.51 7 3.2 12.8 25.1 2.1 17.9 2.7 22.6 3.1 26.4 4.5 56.4 47.1%
12: B2a Sump Inlet 80083 1.84 0.12 0.39 0 0.09 0.36 0 0.45 0.59 80083 0.90 0.96 0 0.45 0.59 100 100 775 775 5632 5631 0.010 12.2 5631 5616 1.94 7 2.8 4.7 16.8 2.6 2.2 3.3 4.1 3.8 3.2 5.5 12.9 65.0%
13: B2b Sump Inlet 163118 3.74 0.12 0.39 0 0.09 0.36 0 0.45 0.59 163118 0.90 0.96 0 0.45 0.59 95 95 736 736 5630 5629 0.011 11.6 5629 5616 1.77 7 2.6 4.7 16.4 2.6 4.5 3.3 5.7 3.9 6.6 5.6 12.4 65.0%
14a: B2a, B2b Manhole combining flows from DP 12 & 13 243201 5.58 0.12 0.39 0 0.09 0.36 0 0.45 0.59 243201 0.90 0.96 0 0.45 0.59 100 100 775 775 5630 5629 0.010 12.2 5629 5616 1.68 7 2.5 5.1 17.3 2.6 6.5 3.2 9.6 3.8 9.6 5.4 25.0 65.0%
14b: B2a, B2b, B2c, B2d Sump Inlet 364043 8.36 0.12 0.39 0 0.09 0.36 0 0.45 0.59 364043 0.90 0.96 0 0.45 0.59 100 100 1132 1132 5630 5629 0.010 12.2 5629 5616 1.15 7 2.1 9.0 21.1 2.3 8.8 2.9 12.5 3.4 13.0 4.9 31.4 65.0%
15a: B1a, B1b Link and Kane Roads 217028 4.98 0.12 0.39 78664 0.09 0.36 0 0.45 0.59 63969 0.90 0.96 74395 0.49 0.65 50 50 1682 1682 5627 5624 0.060 4.4 5624 5595 1.72 7 2.6 10.8 15.2 2.7 6.7 3.4 8.5 4.0 9.9 5.8 18.9 56.0%
15b: B1a, B1b, B3b, B10, B11, B12a, B12b Northwest Forebay 1023342 23.49 0.12 0.39 117891 0.09 0.36 630 0.45 0.59 739859 0.90 0.96 164962 0.49 0.63 100 100 2000 2000 5674 5661 0.130 4.9 5661 5618 2.15 7 2.9 11.5 16.4 2.6 30.6 3.3 38.6 3.9 45.0 5.6 83.4 63.9%
16: B1a, B1b, B1c, B2a, B2b, B2c, B3a, B3b, B4, B5, B6, B7, 
B8, B9

See UD-Detention for Basin Volume Analysis 2629929 60.37 0.12 0.39 623804 0.09 0.36 0 0.45 0.59 1721369 0.90 0.96 180469 0.39 0.55 100 100 3131 3131 5677 5676 0.010 13.3 5676 5591 2.71 4 1.2 45.4 58.6 1.3 30.3 1.6 38.1 1.9 44.5 2.7 90.4 51.1%

17: Detention Pond Discharge
See UD-Detention for outlet structure design 

information
2629929 60.37 0.12 0.39 623804 0.09 0.36 0 0.45 0.59 1721369 0.90 0.96 180469 0.39 0.55 0.9 1.1 8.7 83.3 51.1%

18: OB1.1A1 48" Storm Pipe Routing around development 9017468 207.01 CN 61.00 2.5 12.7 16.1 70.5 SCS METHOD

19: OB1.1A2
42" Crossroad pipe to 48" Storm Pipe Routing 

around development
9748453 223.79 CN 61.00 3.1 13.5 28.2 87.8 SCS METHOD

20: OB1.1A1, OB1.1A2 48" Storm Pipe Routing around development 18765921 430.81 CN 61.00 5.2 27.3 34.9 154.8
21: B1a, B1b, B1c, B2a, B2b, B2c, B3a, B3b, B4, B5, B6, B7, 
B8, B9, OB1.1A1, OB1.1A2

Crossroad discharge pipe 21395850 491.18 5.9 28.2 36.0 155.8

22: B13, OB1.1B-Reduced

Combination of offsite undeveloped with Sub-basin 
B13 (which contains only open space and offsite). 

Storm water will continue to be treated and detained 
by Existing Pond B to the west.

1580607 36.29 0.12 0.39 1219563 0.09 0.36 302609 0.45 0.59 43731 0.90 0.96 14704 0.14 0.40 300 300 2000 2000 5685 5684 0.003 44.8 5684 5614 3.50 4 1.3 25.5 70.3 1.1 5.8 1.4 7.3 1.7 8.5 2.4 35.1 8.5%

Note: Q2, Q5 & Q10 are based on C5;  Q25, Q50 & Q100 are based on C100

PROPOSED DESIGN POINT: SUB-BASINS

Area

Area
Surface Type 4
(Impervious)

Paved Areas

Channel Flow Type Key
Heavy Meadow

Tillage/Field

Nearly Bare Ground
Grassed Waterway

Basin 
Surface Type 1 

(Parks & Cemetaries)
Surface Type 2

(Greenbelts & Agriculture)
Surface Type 3

(Single-Family 1/8 Ac. Lots)
Surface Type 4
(Impervious)

Weighted 
C-Factor

Rainfall Intensity & Rational Flow RateRational 'C' Values Flow Lengths Initial Flow Channel Flow

Rational 'C' Values Initial Flow Channel Flow Rainfall Intensity & Rational Flow RateFlow Lengths
100

Surface Type 2
(Greenbelts & Agriculture)

Surface Type 3
(Single-Family 1/8 Ac. Lots)

7 2 65

Surface Type 1 
(Parks & Cemetaries)

Weighted 
C-Factor

20200228 Aspen Ranch - Rational Calculations.xls



Worksheet Protected

User Input

Calculated cells Designer:

Company:

***Design Storm: 1‐Hour Rain Depth WQCV Event 0.60 inches Date:

***Minor Storm: 1‐Hour Rain Depth 5‐Year Event 1.50 inches Project:

***Major Storm: 1‐Hour Rain Depth 100‐Year Event 2.52 inches Location:

Optional User Defined Storm CUHP

(CUHP) NOAA 1 Hour Rainfall Depth and Frequency 
for User Defined Storm

100‐Year Event 2.52

Max Intensity for Optional User Defined Storm 2.51496

SITE INFORMATION (USER‐INPUT)

Sub‐basin Identifier Detention

Receiving Pervious Area Soil Type Sandy Loam

Total Area (ac., Sum of DCIA, UIA, RPA, & SPA) 60.370 

Directly Connected Impervious Area (DCIA, acres) 30.816

Unconnected Impervious Area (UIA, acres) 0.000

Receiving Pervious Area (RPA, acres) 0.000

Separate Pervious Area (SPA, acres) 29.554

C C C C C C C C C C C C C C

CALCULATED RESULTS (OUTPUT)

Total Calculated Area (ac, check against input) 60.370

Directly Connected Impervious Area (DCIA, %) 51.0%

Unconnected Impervious Area (UIA, %) 0.0%

Receiving Pervious Area (RPA, %) 0.0%

Separate Pervious Area (SPA, %) 49.0%
AR (RPA / UIA) 0.000

Ia Check 1.000

f / I for WQCV Event: 1.7

f / I for 5‐Year Event: 0.5

f / I for 100‐Year Event: 0.3

f / I for Optional User Defined Storm CUHP: 0.31

IRF for WQCV Event: 1.00

IRF for 5‐Year Event: 1.00

IRF for 100‐Year Event: 1.00

IRF for Optional User Defined Storm CUHP: 1.00
Total Site Imperviousness:  Itotal 51.0%

Effective Imperviousness for WQCV Event: 51.0%

Effective Imperviousness for 5‐Year Event: 51.0%

Effective Imperviousness for 100‐Year Event: 51.0%

51.04%

LID / EFFECTIVE IMPERVIOUSNESS CREDITS

WQCV Event CREDIT:  Reduce Detention By: 0.0%
This line only for 10‐Year Event N/A

100‐Year Event CREDIT**:  Reduce Detention By: 0.0%
User Defined CUHP CREDIT:  Reduce Detention By: 0.0%

Total Site Imperviousness:  51.04% Notes:

Total Site Effective Imperviousness for WQCV Event:  51.0% *
 Use Green‐Ampt average infiltration rate values from Table 3‐3.

Total Site Effective Imperviousness for 5‐Year Event:  51.0% ** Flood control detention volume credits based on empirical equations from Storage Chapter of USDCM.
Total Site Effective Imperviousness for 100‐Year Event:  51.0% *** Method assumes that 1‐hour rainfall depth is equivalent to 1‐hour intensity for calculation purposed

51.0%Total Site Effective Imperviousness for Optional User Defined Storm CUHP: 

Effective Imperviousness for Optional User Defined Storm CUHP:

MISSING 
INPUT

MISSING 
INPUT

Site‐Level Low Impact Development (LID) Design Effective Impervious Calculator
LID Credit by Impervious Reduction Factor (IRF) Method

MISSING 
INPUT

MISSING 
INPUT

MISSING 
INPUT

MISSING 
INPUT

MISSING 
INPUT

MISSING 
INPUT

Matrix Design Group
May 20, 2020
FDR/PDR Aspen Ranch Filing No. 1
Fountain, CO

Jesse Sullivan

MISSING 
INPUT

MISSING 
INPUT

MISSING 
INPUT

MISSING 
INPUT

MISSING 
INPUT

RPA Treatment Type: Conveyance (C), 
Volume (V), or Permeable Pavement (PP)

UD‐BMP (Version 3.06, November 2016)

IRF Spreadsheet.xlsm, IRF 5/20/2020, 11:29 AM



Project:

Basin ID:

Depth Increment = 0.1 ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 155 0.004

Selected BMP Type = EDB 5592 -- 1.00 -- -- -- 531 0.012 338 0.008

Watershed Area = 60.37 acres 5593 -- 2.00 -- -- -- 4,641 0.107 2,883 0.066

Watershed Length = 2,188 ft 5594 -- 3.00 -- -- -- 22,745 0.522 16,622 0.382

Watershed Slope = 0.030 ft/ft 5595 -- 4.00 -- -- -- 53,429 1.227 54,709 1.256

Watershed Imperviousness = 51.04% percent 5596 -- 5.00 -- -- -- 68,760 1.579 115,803 2.658

Percentage Hydrologic Soil Group A = 0.0% percent 5597 -- 6.00 -- -- -- 73,303 1.683 186,835 4.289

Percentage Hydrologic Soil Group B = 100.0% percent 5598 -- 7.00 -- -- -- 78,159 1.794 262,566 6.028

Percentage Hydrologic Soil Groups C/D = 0.0% percent 5599 -- 8.00 -- -- -- 82,921 1.904 343,106 7.877

Desired WQCV Drain Time = 40.0 hours 5600 -- 9.00 -- -- -- 87,761 2.015 428,447 9.836

Location for 1-hr Rainfall Depths = User Input 5601 -- 10.00 -- -- -- 92,696 2.128 518,675 11.907

Water Quality Capture Volume (WQCV) = 1.052 acre-feet 5602 -- 11.00 -- -- -- 97,725 2.243 613,886 14.093

Excess Urban Runoff Volume (EURV) = 3.299 acre-feet 5603 -- 12.00 -- -- -- 115,381 2.649 720,439 16.539

2-yr Runoff Volume (P1 = 1 in.) = 2.240 acre-feet 1.00 inches 5604 -- 13.00 -- -- -- 115,381 2.649 835,820 19.188

5-yr Runoff Volume (P1 = 1.29 in.) = 3.126 acre-feet 1.29 inches 5605 -- 14.00 -- -- -- 115,381 2.649 951,201 21.837

10-yr Runoff Volume (P1 = 1.56 in.) = 4.364 acre-feet 1.56 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 6.780 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.37 in.) = 8.522 acre-feet 2.37 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.79 in.) = 10.860 acre-feet 2.79 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.92 in.) = 16.654 acre-feet 3.92 inches -- -- -- --

Approximate 2-yr Detention Volume = 2.096 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 2.936 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 4.018 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 4.926 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 5.422 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 6.346 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (WQCV) = 1.052 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 2.247 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 3.046 acre-feet -- -- -- --

Total Detention Basin Volume = 6.346 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft^3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft^2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft^2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft^3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft^2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft^3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --

-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

Optional User Override
1-hr Precipitation

Volume 
(ft^3)

Volume 
(ac-ft)

Area 
(acre)

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER

Optional 
Override 

Area (ft^2)
Length 

(ft)

Optional 
Override 
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area 
(ft^2)

Width 
(ft)

Aspen Ranch

Detention for Single Family Development

UD-Detention, Version 3.07 (February 2017)

Example Zone Configuration (Retention Pond)

Aspen Ranch (6MIN TIME STEP) UD-Detention_v3.07-.xlsm, Basin 3/5/2020, 4:09 PM



1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA

0 Calc_S_TC

1.14                 H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

3.83 Zone 1 (WQCV) 3.83 Zone 1 (WQCV)

5.41 Zone 2 (EURV) 5.41 Zone 2 (EURV)

7.18 Zone 3 (100-yea 7.18 Zone 3 (100-year)

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
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Aspen Ranch (6MIN TIME STEP) UD-Detention_v3.07-.xlsm, Basin 3/5/2020, 4:09 PM



  Project:

  Basin ID:

Stage (ft) Zone Volume (ac‐ft) Outlet Type

Zone 1 (WQCV) 3.83 1.052 Orifice Plate

Zone 2 (EURV) 5.41 2.247 Rectangular Orifice

Zone 3 (100‐year) 7.18 3.046 Weir&Pipe (Restrict)

6.346 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 1.875E‐02 ft2

Depth at top of Zone using Orifice Plate = 3.85 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half‐Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 15.40 inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = 2.70 sq. inches (diameter = 1‐13/16 inches) Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.28 2.57

Orifice Area (sq. inches) 2.70 2.70 2.70

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Zone 2 Rectangular Not Selected Zone 2 Rectangular Not Selected

Invert of Vertical Orifice = 3.83 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.10 N/A ft2

Depth at top of Zone using Vertical Orifice = 5.41 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.08 N/A feet
Vertical Orifice Height = 2.00 N/A inches
Vertical Orifice Width = 7.06 inches

User Input:  Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 6.00 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 8.00 N/A feet
Overflow Weir Front Edge Length = 8.00 N/A feet Over Flow Weir Slope Length = 8.25 N/A feet

Overflow Weir Slope = 4.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100‐yr Orifice Area = 6.42 N/A should be > 4
Horiz. Length of Weir Sides = 8.00 N/A feet Overflow Grate Open Area w/o Debris = 46.18 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 23.09 N/A ft2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.25 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 7.19 N/A ft2

Outlet Pipe Diameter = 42.00 N/A inches Outlet Orifice Centroid = 1.37 N/A feet
Restrictor Plate Height Above Pipe Invert = 29.40 inches Half‐Central Angle of Restrictor Plate on Pipe = 1.98 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 11.96 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.90 feet
Spillway Crest Length = 70.00 feet Stage at Top of Freeboard = 13.86 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 2.65 acres

Freeboard above Max Water Surface = 1.00 feet

Routed Hydrograph Results
Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 1.00 1.29 1.56 2.00 2.37 2.79 3.92

Calculated Runoff Volume (acre-ft) = 1.052 3.299 2.240 3.126 4.364 6.780 8.522 10.860 16.654
OPTIONAL Override Runoff Volume (acre-ft) =

Inflow Hydrograph Volume (acre-ft) = 1.052 3.297 2.239 3.125 4.363 6.769 8.514 10.849 16.643
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.20 0.74 1.08 1.52 2.52

Predevelopment Peak Q (cfs) = 0.0 0.0 0.7 1.2 12.3 44.6 64.9 91.5 152.1
Peak Inflow Q (cfs) = 19.0 58.7 40.1 55.7 77.3 118.7 148.3 187.6 284.1

Peak Outflow Q (cfs) = 0.4 1.1 0.9 1.1 1.3 15.9 33.7 61.2 98.5
Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.9 0.1 0.4 0.5 0.7 0.6

Structure Controlling Flow = Plate Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Outlet Plate 1
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.3 0.7 1.3 2.1
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 67 57 66 77 78 76 73 68
Time to Drain 99% of Inflow Volume (hours) = 40 71 60 70 81 85 84 83 81

Maximum Ponding Depth (ft) = 3.77 5.31 4.65 5.20 5.94 6.87 7.35 7.87 9.20
Area at Maximum Ponding Depth (acres) = 1.06 1.61 1.45 1.60 1.68 1.78 1.83 1.89 2.04

Maximum Volume Stored (acre-ft) = 0.982 3.137 2.113 2.976 4.172 5.778 6.662 7.630 10.241

Detention Basin Outlet Structure Design

UD‐Detention, Version 3.07 (February 2017)
Aspen Ranch

Detention for Single Family Development

Example Zone Configuration (Retention Pond)



COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1 Vert Orifice 2

Count_Underdrain = 0 0.11 meter = 3/8 inch) 2 3 1

Count_WQPlate = 1 0.14 eter = 7/16 inch)

Count_VertOrifice1 = 1 0.18 meter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24 eter = 9/16 inch) 4 1 5yr, <72hr 0

Count_Weir1 = 1 0.29 meter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36 er = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42 meter = 3/4 inch) WQCV 378 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 er = 13/16 inch) 2 Year 466 Slope 0.030

COUNTA_2 (Standard FSD Setup)= 1 0.58 meter = 7/8 inch) EURV 532 Shape 1.82

MaxPondDepth_Error? FALSE 0.67 er = 15/16 inch) 5 Year 521

Hidden Parameters & Calculations 0.76 ameter = 1 inch) 10 Year 595 Spillway Depth

0.86 = 1-1/16 inches) 25 Year 688 0.90

WQ Plate Flow at 100yr depth = 0.69 0.97 = 1-1/8 inches) 50 Year 736

CLOG #1= 35% 1.08 = 1-3/16 inches) 100 Year 788 1 Z1_Boolean

Cdw #1 = 0.89 1.20 = 1-1/4 inches) 500 Year 921 1 Z2_Boolean

Cdo #1 = 0.69 1.32 = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.245 1.45 = 1-3/8 inches) 1 Opening Message

CLOG #2= #VALUE! 1.59 = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73 = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88 = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = #VALUE! 2.03 = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20 1-11/16 inches) Overflow Weir 1 1 2 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.94 2.36 = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54 1-13/16 inches) Outlet Pipe 1 1 2 0 Freeboard

EURV_draintime_user = 2.72 = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90 1-15/16 inches) 0 Spillway Length
CountA_3 (EURV & 100yr) = 1 3.09 eter = 2 inches) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29 gular openings) 1 Button_Trigger

0 Underdrain

1 WQCV Plate

0 EURV-WQCV Plate

1 EURV-WQCV VertOrifice

1 Outlet 90% Qpeak
0 Outlet Undetained

Detention Basin Outlet Structure Design

UD‐Detention, Version 3.07 (February 2017)
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Forebay Outlet Sizing

Design 
Point (Cu. Ft.) (Ac. Ft.)

Q100 to 
Forebay
(cfs)

2% of Q100
(cfs)

15b 47001.24 Detention Pond 60.10 31.8 north 23.44 0.737 34648.84 1039 0.0239 83.2 1.7
14b 47001.24 Detention Pond 60.10 31.8 east 8.36 0.263 12352.40 371 0.0085 36.6 0.7

0.00

WQCV Pond Footprint and Swale
Detention Pond 1.079 Acre‐Ft 28.30 Acres

Percent of WQCV for Forebay 3% More than 5 Impervious Acres
Percent of Impervious 53.1%

Impervious Acres 31.929

Pond Drainage 
Area 
(Acres)

Pond Name
Total Water Quality Control Volume (Cu. 

Ft.)

Forebay Volume
3% of WQCVProportional 

WQCV Volume 
(Cu. Ft.)

Proportion of Total 
Drainage Area

Drainage area tributary 
to Forebay

Forebay Location

Pond Drainage Area 
Less Pond Footprint and 

Swale
(Acres)



Forebay Design Information: 
 
DP 14b (East Forebay) 

 
 
DP15b (Northwest Forebay) 

 



jesse_sullivan
Text Box
SITE DISCHARGE HYDROGRAPHQ100 EVENT





Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Mar 6 2020

DP 22 Swale West of Link

Trapezoidal
Bottom Width (ft) =  8.00
Side Slopes (z:1) =  4.00, 4.00
Total Depth (ft) =  6.00
Invert Elev (ft) =  1.00
Slope (%) =  0.25
N-Value =  0.025

Calculations
Compute by: Known Q
Known Q (cfs) =  151.20

Highlighted
Depth (ft) =  2.30
Q (cfs) =  151.20
Area (sqft) =  39.56
Velocity (ft/s) =  3.82
Wetted Perim (ft) =  26.97
Crit Depth, Yc (ft) =  1.69
Top Width (ft) =  26.40
EGL (ft) =  2.53

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Elev (ft) Depth (ft)
Section

0.00 -1.00

1.00 0.00

2.00 1.00

3.00 2.00

4.00 3.00

5.00 4.00

6.00 5.00

7.00 6.00

8.00 7.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 9 Downstream Swale Capacity

User-defined
Invert Elev (ft) =  1.84
Slope (%) =  2.30
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  26.20

(Sta, El, n)-(Sta, El, n)...
( 0.00, 4.00)-(10.00, 2.00, 0.040)-(14.00, 1.84, 0.040)-(18.00, 2.00, 0.040)-(28.00, 4.00, 0.040)

Highlighted
Depth (ft) =  0.77
Q (cfs) =  26.20
Area (sqft) =  7.38
Velocity (ft/s) =  3.55
Wetted Perim (ft) =  14.23
Crit Depth, Yc (ft) =  0.72
Top Width (ft) =  14.10
EGL (ft) =  0.97

-5 0 5 10 15 20 25 30 35

Elev (ft) Depth (ft)
Section

0.00 -1.84

1.00 -0.84

2.00 0.16

3.00 1.16

4.00 2.16

5.00 3.16

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Mar 5 2020

Sub-basin 5 Park Area (Major Storm)

User-defined
Invert Elev (ft) =  19.79
Slope (%) =  1.40
N-Value =  0.030

Calculations
Compute by: Known Q
Known Q (cfs) =  12.30

(Sta, El, n)-(Sta, El, n)...
( 0.00, 21.21)-(22.37, 20.76, 0.030)-(32.07, 19.79, 0.030)-(103.48, 21.21, 0.030)

Highlighted
Depth (ft) =  0.44
Q (cfs) =  12.30
Area (sqft) =  5.84
Velocity (ft/s) =  2.11
Wetted Perim (ft) =  26.55
Crit Depth, Yc (ft) =  0.41
Top Width (ft) =  26.53
EGL (ft) =  0.51

-10 0 10 20 30 40 50 60 70 80 90 100 110 120

Elev (ft) Depth (ft)
Section

19.00 -0.79

19.50 -0.29

20.00 0.21

20.50 0.71

21.00 1.21

21.50 1.71

22.00 2.21

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Mar 6 2020

DP7b

Trapezoidal
Bottom Width (ft) =  8.00
Side Slopes (z:1) =  5.00, 5.00
Total Depth (ft) =  2.00
Invert Elev (ft) =  1.00
Slope (%) =  2.30
N-Value =  0.025

Calculations
Compute by: Known Q
Known Q (cfs) =  25.50

Highlighted
Depth (ft) =  0.50
Q (cfs) =  25.50
Area (sqft) =  5.25
Velocity (ft/s) =  4.86
Wetted Perim (ft) =  13.10
Crit Depth, Yc (ft) =  0.60
Top Width (ft) =  13.00
EGL (ft) =  0.87

0 5 10 15 20 25 30 35 40

Elev (ft) Depth (ft)
Section

0.50 -0.50

1.00 0.00

1.50 0.50

2.00 1.00

2.50 1.50

3.00 2.00

3.50 2.50

4.00 3.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Mar 6 2020

DP9

User-defined
Invert Elev (ft) =  1.84
Slope (%) =  1.40
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  26.20

(Sta, El, n)-(Sta, El, n)...
( 0.00, 4.00)-(10.00, 2.00, 0.040)-(14.00, 1.84, 0.040)-(18.00, 2.00, 0.040)-(28.00, 4.00, 0.040)

Highlighted
Depth (ft) =  0.86
Q (cfs) =  26.20
Area (sqft) =  8.69
Velocity (ft/s) =  3.01
Wetted Perim (ft) =  15.15
Crit Depth, Yc (ft) =  0.72
Top Width (ft) =  15.00
EGL (ft) =  1.00

-5 0 5 10 15 20 25 30 35

Elev (ft) Depth (ft)
Section

0.00 -1.84

1.00 -0.84

2.00 0.16

3.00 1.16

4.00 2.16

5.00 3.16

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Mar 6 2020

DP10

User-defined
Invert Elev (ft) =  1.84
Slope (%) =  1.40
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  32.90

(Sta, El, n)-(Sta, El, n)...
( 0.00, 4.00)-(10.00, 2.00, 0.040)-(14.00, 1.84, 0.040)-(18.00, 2.00, 0.040)-(28.00, 4.00, 0.040)

Highlighted
Depth (ft) =  0.96
Q (cfs) =  32.90
Area (sqft) =  10.24
Velocity (ft/s) =  3.21
Wetted Perim (ft) =  16.16
Crit Depth, Yc (ft) =  0.81
Top Width (ft) =  16.00
EGL (ft) =  1.12

-5 0 5 10 15 20 25 30 35

Elev (ft) Depth (ft)
Section

0.00 -1.84

1.00 -0.84

2.00 0.16
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4.00 2.16

5.00 3.16

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 11b (Sub-basins B-3a, 4, 5, 6, 7, 8, 9)(Swale)

User-defined
Invert Elev (ft) =  1.92
Slope (%) =  2.30
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  55.90

(Sta, El, n)-(Sta, El, n)...
( 0.00, 4.00)-(8.00, 2.00, 0.040)-(12.00, 1.92, 0.040)-(16.00, 2.00, 0.040)-(24.00, 4.00, 0.040)

Highlighted
Depth (ft) =  1.07
Q (cfs) =  55.90
Area (sqft) =  12.16
Velocity (ft/s) =  4.60
Wetted Perim (ft) =  16.17
Crit Depth, Yc (ft) =  1.03
Top Width (ft) =  15.92
EGL (ft) =  1.40

-5 0 5 10 15 20 25 30

Elev (ft) Depth (ft)
Section

0.00 -1.92

1.00 -0.92

2.00 0.08

3.00 1.08

4.00 2.08

5.00 3.08

Sta (ft)



Channel Report
Tuesday, Mar 3 2020Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.

DP 11b (Sub-basins B-3a, 4, 5, 6, 7, 8, 9)(Swale Capacity: Minor Storm)

User-defined
Invert Elev (ft) =  1.92
Slope (%) =  2.30
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  22.40

(Sta, El, n)-(Sta, El, n)...
( 0.00, 4.00)-(8.00, 2.00, 0.040)-(12.00, 1.92, 0.040)-(16.00, 2.00, 0.040)-(24.00, 4.00, 0.040)

Highlighted
Depth (ft) =  0.67
Q (cfs) =  22.40
Area (sqft) =  6.43
Velocity (ft/s) =  3.48
Wetted Perim (ft) =  12.87
Crit Depth, Yc (ft) =  0.62
Top Width (ft) =  12.72
EGL (ft) =  0.86

-5 0 5 10 15 20 25 30

Elev (ft) Depth (ft)
Section

0.00 -1.92

1.00 -0.92

2.00 0.08

3.00 1.08

4.00 2.08

5.00 3.08

Sta (ft)

jesse_sullivan
Callout
Less than 3.5 ft/s criteria for low flow in DCM Table 12-3.



Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Wednesday, May 27, 2020

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Swale Overflow to Detention Pond 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 4.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Channel Width: 20.0000 ft 

Longitudinal Slope: 0.2500 ft/ft 

Manning's n:  0.0342 

Flow: 56.4000 cfs 

Result Parameters 

Depth: 0.2906 ft 

Area of Flow: 6.1498 ft^2 

Wetted Perimeter: 22.3964 ft 

Hydraulic Radius: 0.2746 ft 

Average Velocity: 9.1710 ft/s 

Top Width: 22.3248 ft 

Froude Number:  3.0793 

Critical Depth: 0.6015 ft 

Critical Velocity: 4.1848 ft/s 

Critical Slope: 0.0211 ft/ft 

Critical Top Width: 24.81 ft 

Calculated Max Shear Stress: 4.5334 lb/ft^2 

Calculated Avg Shear Stress: 4.2836 lb/ft^2 

jesse_sullivan
Highlight

jesse_sullivan
Callout
Max depth of Flow

jesse_sullivan
Text Box
Aspen Ranch

jesse_sullivan
Text Box
Swale will transition to 20 foot bottom width as it approaches the detention pond. Rip Rap will extend from 10 feet behind top of pond bank to 10 feet out from toe of pond floor. Max Slope: 4:1



Channel Lining Analysis: Channel Lining Design Analysis

Notes: 

Lining Input Parameters

Channel Lining Type: Riprap, Cobble, or Gravel

D50: 1 ft

Riprap Specific Weight: 165 lb/ft^3

Water Specific Weight: 62.4 lb/ft^3

Riprap Shape is Angular

Safety Factor: 1

Calculated Safety Factor: 1.35666

Lining Results

Angle of Repose: 41.7 degrees

Relative Flow Depth: 0.404317

Manning's n method: Bathurst

Manning's n: 0.0477831

Channel Bottom Shear Results

V*: 1.87517

Reynold's Number: 154081

Shield's Parameter: 0.12044

shear stress on channel bottom: 6.81409 lb/ft^2

Permissible shear stress for channel bottom: 10.0523 lb/ft^2

channel bottom is stable

Stable D50: 0.919628 ft

Channel Side Shear Results

K1: 0.934

K2: 1

Kb: 0

shear stress on side of channel: 6.81409 lb/ft^2

Permissible shear stress for side of channel: 10.0523 lb/ft^2

Stable Side D50: 0.858933 lb/ft^2

side of channel is stable

jesse_sullivan
Highlight

jesse_sullivan
Callout
Report indicates that the channel is stable discharging into the pond via a 20' bottom width 3" deep swale lined with Type M (12" D50) Rip Rap.

jesse_sullivan
Highlight



Channel Lining Stability Results

the channel is stable

Channel Summary

Name of Selected Channel: Swale Overflow to Detention Pond

jesse_sullivan
Highlight



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 1 - Sub-basin B-10

Circular
Diameter (ft) =  2.00

Invert Elev (ft) =  1.00
Slope (%) =  1.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  22.40

Highlighted
Depth (ft) =  1.63
Q (cfs) =  22.40
Area (sqft) =  2.74
Velocity (ft/s) =  8.16
Wetted Perim (ft) =  4.51
Crit Depth, Yc (ft) =  1.69
Top Width (ft) =  1.55
EGL (ft) =  2.67

0 1 2 3 4

Elev (ft) Depth (ft)
Section

0.50 -0.50

1.00 0.00

1.50 0.50

2.00 1.00

2.50 1.50

3.00 2.00

3.50 2.50

4.00 3.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 2 - Sub-basin B-11

Circular
Diameter (ft) =  1.50

Invert Elev (ft) =  1.00
Slope (%) =  3.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  14.90

Highlighted
Depth (ft) =  1.04
Q (cfs) =  14.90
Area (sqft) =  1.31
Velocity (ft/s) =  11.38
Wetted Perim (ft) =  2.95
Crit Depth, Yc (ft) =  1.41
Top Width (ft) =  1.38
EGL (ft) =  3.05

0 1 2 3

Elev (ft)
Section

0.50

1.00

1.50

2.00

2.50

3.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Wednesday, Mar 4 2020

DP3 (Sub-basin B-12-North))

Circular
Diameter (ft) =  1.50

Invert Elev (ft) =  1.00
Slope (%) =  2.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  13.98

Highlighted
Depth (ft) =  1.16
Q (cfs) =  13.98
Area (sqft) =  1.47
Velocity (ft/s) =  9.53
Wetted Perim (ft) =  3.23
Crit Depth, Yc (ft) =  1.39
Top Width (ft) =  1.26
EGL (ft) =  2.57

0 1 2 3

Elev (ft)
Section

0.50

1.00

1.50

2.00

2.50

3.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 3 (Sub-basins B-12 and B-11)

Circular
Diameter (ft) =  2.50

Invert Elev (ft) =  1.00
Slope (%) =  1.10
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  37.30

Highlighted
Depth (ft) =  1.80
Q (cfs) =  37.30
Area (sqft) =  3.79
Velocity (ft/s) =  9.83
Wetted Perim (ft) =  5.07
Crit Depth, Yc (ft) =  2.07
Top Width (ft) =  2.24
EGL (ft) =  3.30

0 1 2 3 4

Elev (ft)
Section

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Wednesday, Mar 4 2020

DP4 (Sub-basins B-10, 11, 12)

Circular
Diameter (ft) =  3.00

Invert Elev (ft) =  1.00
Slope (%) =  0.87
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  58.70

Highlighted
Depth (ft) =  2.32
Q (cfs) =  58.70
Area (sqft) =  5.87
Velocity (ft/s) =  10.00
Wetted Perim (ft) =  6.45
Crit Depth, Yc (ft) =  2.48
Top Width (ft) =  2.51
EGL (ft) =  3.88

0 1 2 3 4 5

Elev (ft) Depth (ft)
Section

0.00 -1.00

1.00 0.00

2.00 1.00

3.00 2.00

4.00 3.00

5.00 4.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Mar 5 2020

DP-4b

Circular
Diameter (ft) =  3.00

Invert Elev (ft) =  1.00
Slope (%) =  0.60
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  54.10

Highlighted
Depth (ft) =  2.61
Q (cfs) =  54.10
Area (sqft) =  6.53
Velocity (ft/s) =  8.28
Wetted Perim (ft) =  7.22
Crit Depth, Yc (ft) =  2.39
Top Width (ft) =  2.02
EGL (ft) =  3.68

0 1 2 3 4 5

Elev (ft) Depth (ft)
Section

0.00 -1.00

1.00 0.00

2.00 1.00

3.00 2.00

4.00 3.00

5.00 4.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 5 (Sub-basin B-3b)

Circular
Diameter (ft) =  1.50

Invert Elev (ft) =  1.00
Slope (%) =  1.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  10.60

Highlighted
Depth (ft) =  1.25
Q (cfs) =  10.60
Area (sqft) =  1.58
Velocity (ft/s) =  6.72
Wetted Perim (ft) =  3.46
Crit Depth, Yc (ft) =  1.25
Top Width (ft) =  1.11
EGL (ft) =  1.95

0 1 2 3

Elev (ft)
Section

0.50

1.00

1.50

2.00

2.50

3.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 6 (Sub-basin B-3b, 10, 11, 12)

Circular
Diameter (ft) =  3.50

Invert Elev (ft) =  1.00
Slope (%) =  0.50
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  61.20

Highlighted
Depth (ft) =  2.51
Q (cfs) =  61.20
Area (sqft) =  7.41
Velocity (ft/s) =  8.26
Wetted Perim (ft) =  7.09
Crit Depth, Yc (ft) =  2.45
Top Width (ft) =  3.15
EGL (ft) =  3.57

0 1 2 3 4 5 6

Elev (ft) Depth (ft)
Section

0.00 -1.00

1.00 0.00

2.00 1.00

3.00 2.00

4.00 3.00

5.00 4.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Mar 5 2020

DP-15a

Circular
Diameter (ft) =  2.00

Invert Elev (ft) =  1.00
Slope (%) =  0.62
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  18.90

Highlighted
Depth (ft) =  1.78
Q (cfs) =  18.90
Area (sqft) =  2.96
Velocity (ft/s) =  6.39
Wetted Perim (ft) =  4.94
Crit Depth, Yc (ft) =  1.57
Top Width (ft) =  1.24
EGL (ft) =  2.42

0 1 2 3 4

Elev (ft) Depth (ft)
Section

0.50 -0.50

1.00 0.00

1.50 0.50

2.00 1.00

2.50 1.50

3.00 2.00

3.50 2.50

4.00 3.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 15b (Sub-basin B-1a, 1b, 3b, 10, 11, 12))

Circular
Diameter (ft) =  4.00

Invert Elev (ft) =  1.00
Slope (%) =  0.50
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  83.20

Highlighted
Depth (ft) =  2.75
Q (cfs) =  83.20
Area (sqft) =  9.24
Velocity (ft/s) =  9.00
Wetted Perim (ft) =  7.84
Crit Depth, Yc (ft) =  2.76
Top Width (ft) =  3.70
EGL (ft) =  4.01

0 1 2 3 4 5 6

Elev (ft) Depth (ft)
Section

0.00 -1.00

1.00 0.00

2.00 1.00

3.00 2.00

4.00 3.00

5.00 4.00

6.00 5.00
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Channel Report
Tuesday, Mar 3 2020Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.

DP  7a (Sub-basin B-8, 9)

Circular
Diameter (ft) =  1.50

Invert Elev (ft) =  1.00
Slope (%) =  1.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  9.10

Highlighted
Depth (ft) =  1.08
Q (cfs) =  9.100
Area (sqft) =  1.37
Velocity (ft/s) =  6.66
Wetted Perim (ft) =  3.04
Crit Depth, Yc (ft) =  1.17
Top Width (ft) =  1.34
EGL (ft) =  1.77
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Channel Report
Wednesday, May 27 2020Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.

DP  7b (Sub-basin B-7, 8, 9)

Circular
Diameter (ft) =  3.00

Invert Elev (ft) =  1.00
Slope (%) =  0.30
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  25.50

Highlighted
Depth (ft) =  1.85
Q (cfs) =  25.50
Area (sqft) =  4.59
Velocity (ft/s) =  5.56
Wetted Perim (ft) =  5.43
Crit Depth, Yc (ft) =  1.63
Top Width (ft) =  2.91
EGL (ft) =  2.33
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Wednesday, May 20 2020

DP 8 (2x24-inch RCP)

Circular
Diameter (ft) =  2.00

Invert Elev (ft) =  1.00
Slope (%) =  0.50
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  9.55

Highlighted
Depth (ft) =  1.11
Q (cfs) =  9.550
Area (sqft) =  1.80
Velocity (ft/s) =  5.31
Wetted Perim (ft) =  3.37
Crit Depth, Yc (ft) =  1.11
Top Width (ft) =  1.99
EGL (ft) =  1.55

0 1 2 3 4

Elev (ft) Depth (ft)
Section

0.50 -0.50

1.00 0.00

1.50 0.50

2.00 1.00

2.50 1.50

3.00 2.00

3.50 2.50

4.00 3.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP  8 (Sub-basin B-5, 6, 7, 8, 9)

Circular
Diameter (ft) =  2.50

Invert Elev (ft) =  1.00
Slope (%) =  1.25
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  32.90

=  1.57
=  32.90
=  3.25
=  10.13
=  4.57
=  1.95
=  2.42
=  3.17
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 11a (Sub-basins B-4, 5, 6, 7, 8, 9)

Circular
Diameter (ft) =  3.00

Invert Elev (ft) =  1.00
Slope (%) =  1.25
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  52.90

Highlighted
Depth (ft) =  1.87
Q (cfs) =  52.90
Area (sqft) =  4.65
Velocity (ft/s) =  11.37
Wetted Perim (ft) =  5.47
Crit Depth, Yc (ft) =  2.36
Top Width (ft) =  2.90
EGL (ft) =  3.88
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 11b (Sub-basins B-3a, 4, 5, 6, 7, 8, 9)

Circular
Diameter (ft) =  3.00

Invert Elev (ft) =  1.00
Slope (%) =  1.25
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  55.90

Highlighted
Depth (ft) =  1.94
Q (cfs) =  55.90
Area (sqft) =  4.84
Velocity (ft/s) =  11.55
Wetted Perim (ft) =  5.61
Crit Depth, Yc (ft) =  2.43
Top Width (ft) =  2.87
EGL (ft) =  4.01
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 12 (Sub-basins B-2a)

Circular
Diameter (ft) =  2.00

Invert Elev (ft) =  1.00
Slope (%) =  1.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  18.10

Highlighted
Depth (ft) =  1.36
Q (cfs) =  18.10
Area (sqft) =  2.28
Velocity (ft/s) =  7.95
Wetted Perim (ft) =  3.88
Crit Depth, Yc (ft) =  1.54
Top Width (ft) =  1.87
EGL (ft) =  2.34
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 10 2020

DP20 (Flattest Section+25cfs FMIC flows)

Circular
Diameter (ft) =  4.00

Invert Elev (ft) =  1.00
Slope (%) =  2.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  179.80

Highlighted
Depth (ft) =  2.93
Q (cfs) =  179.80
Area (sqft) =  9.87
Velocity (ft/s) =  18.22
Wetted Perim (ft) =  8.22
Crit Depth, Yc (ft) =  3.78
Top Width (ft) =  3.54
EGL (ft) =  8.09
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 14a (Sub-basins B-2a, 2b, bypass from B4, B7)

Circular
Diameter (ft) =  2.00

Invert Elev (ft) =  1.00
Slope (%) =  1.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  18.10

Highlighted
Depth (ft) =  1.36
Q (cfs) =  18.10
Area (sqft) =  2.28
Velocity (ft/s) =  7.95
Wetted Perim (ft) =  3.88
Crit Depth, Yc (ft) =  1.54
Top Width (ft) =  1.87
EGL (ft) =  2.34
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 3 2020

DP 14b (Sub-basins B-2a, 2b,2c, 2d bypass from B4, B7)

Circular
Diameter (ft) =  2.00

Invert Elev (ft) =  1.00
Slope (%) =  3.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  36.60

Highlighted
Depth (ft) =  1.54
Q (cfs) =  36.60
Area (sqft) =  2.60
Velocity (ft/s) =  14.07
Wetted Perim (ft) =  4.29
Crit Depth, Yc (ft) =  1.94
Top Width (ft) =  1.68
EGL (ft) =  4.62
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Wednesday, Mar 11 2020

DP18 (flattest Section +25cfs FMIC flows

Circular
Diameter (ft) =  4.00

Invert Elev (ft) =  1.00
Slope (%) =  1.05
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  95.50

Highlighted
Depth (ft) =  2.34
Q (cfs) =  95.50
Area (sqft) =  7.66
Velocity (ft/s) =  12.46
Wetted Perim (ft) =  6.98
Crit Depth, Yc (ft) =  2.96
Top Width (ft) =  3.94
EGL (ft) =  4.75
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Wednesday, May 20 2020

DP 19

Circular
Diameter (ft) =  3.00

Invert Elev (ft) =  1.00
Slope (%) =  3.05
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  87.80

Highlighted
Depth (ft) =  1.95
Q (cfs) =  87.80
Area (sqft) =  4.88
Velocity (ft/s) =  17.98
Wetted Perim (ft) =  5.64
Crit Depth, Yc (ft) =  2.83
Top Width (ft) =  2.86
EGL (ft) =  6.98
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 10 2020

DP20 (+25cfs FMIC flows)

Circular
Diameter (ft) =  4.00

Invert Elev (ft) =  1.00
Slope (%) =  2.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  179.80

Highlighted
Depth (ft) =  2.93
Q (cfs) =  179.80
Area (sqft) =  9.87
Velocity (ft/s) =  18.22
Wetted Perim (ft) =  8.22
Crit Depth, Yc (ft) =  3.78
Top Width (ft) =  3.54
EGL (ft) =  8.09
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 10 2020

DP21 (+25cfs FMIC flows)

Circular
Diameter (ft) =  4.00

Invert Elev (ft) =  1.00
Slope (%) =  1.84
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  180.80

Highlighted
Depth (ft) =  3.05
Q (cfs) =  180.80
Area (sqft) =  10.29
Velocity (ft/s) =  17.57
Wetted Perim (ft) =  8.50
Crit Depth, Yc (ft) =  3.78
Top Width (ft) =  3.40
EGL (ft) =  7.85
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DP 21
Site Outfall

DP 7b DP 8 DP 11b

Pipe Size (D) 48 Inches 36 Inches 30 Inches 36 Inches
Q 155.8 cfs 25.5 cfs 26.2 cfs 55.9 cfs
L 24 Feet 9 Feet 7.5 Feet 9 Feet
W 7 Feet 9 Feet 7.5 Feet 9 Feet
D 2 Feet 0 Feet 0 Feet 0 Feet
d50 0.71 Feet 0.20 Feet 0.29 Feet 0.42 Feet

8.58 Inches 2.42 Inches 3.43 Inches 5.01 Inches
Depth of Flow 2.71 Feet 1.85 Feet 1.5 Feet 1.9 Feet
Q/D^1.5 19.48 4.91 6.63 10.76
Yt/D 0.68 0.62 0.59 0.65

Rip Rap Type L
Type L for 3 x 

Pipe Dia 
Type L for 3 x Pipe 
Dia Downstream

Type L for 3 x Pipe Dia 
Downstream

Length of Rock 24 Feet 9 Feet 7.5 Feet 9 Feet
Width of Rock 19.0 Feet 9.0 Feet 7.5 Feet 9.0 Feet



Chapter 7 Street Drainage 

 

May 2014 City of Colorado Springs 7-13 

 Drainage Criteria Manual, Volume 1 

Figure 7-7.  Street Capacity Charts Residential (Detached Sidewalk) 

 
 

 
 

 
 
 

These charts shall only be used for the standard street sections as shown.  The capacity shown is based on ½ the street section as 
calculated by the UD-Inlet spreadsheets.  Minor storm capacities are based on no crown overtopping, curb height or maximum 
allowable spread widths.  Major storm capacities are based on flow being containing within the public right-of-way, including 

conveyance capacity behind the curb.  The UDFCD Safety Reduction Factor was applied.  An ‘nSTREET’ of 0.016 and ‘nBACK’ of 
0.020 was used. Calculations were done using UD-Inlet 3.00.xls, March, 2011.   
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Chapter 7 Street Drainage 

 

May 2014 City of Colorado Springs 7-15 

 Drainage Criteria Manual, Volume 1 

 
Figure 7-9.  Street Capacity Charts Minor Residential (Attached Sidewalk) 

 
 

 
 
 

 

 

 

These charts shall only be used for the standard street sections as shown.  The capacity shown is based on ½ the street section as 
calculated by the UD-Inlet spreadsheets.  Minor storm capacities are based on no crown overtopping, curb height or maximum 
allowable spread widths.  Major storm capacities are based on flow being containing within the public right-of-way, including 

conveyance capacity behind the curb.  The UDFCD Safety Reduction Factor was applied.  An ‘nSTREET’ of 0.016 and ‘nBACK’ of 
0.020 was used. Calculations were done using UD-Inlet 3.00.xls, March, 2011.   
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Note: Narrowed sections of road utilize vertical curb.



Chapter 7 Street Drainage 

 

May 2014 City of Colorado Springs 7-11 

 Drainage Criteria Manual, Volume 1 

   

Figure 7-5.  Street Capacity Charts Collector (with Parking) 

 
 

 

 
 
These charts shall only be used for the standard street sections as shown.  The capacity shown is based on ½ the street section as 
calculated by the UD-Inlet spreadsheets.  Minor storm capacities are based on no crown overtopping, curb height or maximum 
allowable spread widths.  Major storm capacities are based on flow being containing within the public right-of-way, including 

conveyance capacity behind the curb.  The UDFCD Safety Reduction Factor was applied.  An ‘nSTREET’ of 0.016 and ‘nBACK’ of 
0.020 was used. Calculations were done using UD-Inlet 3.00.xls, March, 2011.   
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Note: Capacity Estimates also completed in UD-Inlet since Link and Kane road T dimension = 25'



Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 25.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.005 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 25.0 25.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 5.0 8.0 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = 5.2 26.0 cfs

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
ASPEN RANCH PDR/FDR

Inlet 4b (Link Road Capacity)

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

UD-Inlet_v4.05 -ASPEN RANCH PDR-FDR.xlsm, Inlet 4b 5/21/2020, 3:43 PM



Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.5 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.020

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 25.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.010 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 25.0 25.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 4.8 8.0 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = 7.9 44.6 cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
ASPEN RANCH PDR/FDR

INLET 15b (KANE RD)

UD-Inlet_v4.05 -ASPEN RANCH PDR-FDR.xlsm, INLET 15b (KANE RD) 5/21/2020, 3:41 PM



Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 18.3 ft

Gutter Width W = 0.53 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.029 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 18.3 18.3 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 8.0 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = 25.1 62.5 cfs

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 4.0 4.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 10.00 10.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 5.2 7.7 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 1.2 6.3 cfs

Capture Percentage = Qa/Qo = C% = 81 55 %

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
ASPEN RANCH PDR/FDR
Inlet 2 (SUB-BASIN B-11)

INLET ON A CONTINUOUS GRADE
Version 4.05  Released March 2017

Colorado Springs D-10-R
Colorado Springs D-10-R

UD-Inlet_v4.05 -ASPEN RANCH PDR-FDR.xlsm, Inlet 2 5/21/2020, 4:13 PM



Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 34.8 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.046 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.015

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 20.0 34.8 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 8.0 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = 16.7 36.3 cfs

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 4.0 4.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 12.00 12.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 6.5 9.9 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.2 3.3 cfs

Capture Percentage = Qa/Qo = C% = 97 75 %

Colorado Springs D-10-R

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

INLET ON A CONTINUOUS GRADE
Version 4.05  Released March 2017

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
ASPEN RANCH PDR/FDR
Inlet 3 (Sub-basin B-12a)

Colorado Springs D-10-R

UD-Inlet_v4.05 -ASPEN RANCH PDR-FDR.xlsm, Inlet 3 3/6/2020, 3:06 PM



Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 18.3 ft

Gutter Width W = 0.83 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.013 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 18.3 18.3 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 8.0 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = 17.0 63.3 cfs

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 4.0 4.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 10.00 10.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 5.4 8.1 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 1.4 6.9 cfs

Capture Percentage = Qa/Qo = C% = 80 54 %

INLET ON A CONTINUOUS GRADE
Version 4.05  Released March 2017

Colorado Springs D-10-R

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
ASPEN RANCH PDR/FDR

Inlet 7b

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Colorado Springs D-10-R

UD-Inlet_v4.05 -ASPEN RANCH PDR-FDR.xlsm, Inlet 7b 3/6/2020, 3:09 PM
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Table 6-9. NRCS Curve Numbers for Pre-Development 

Thunderstorms Conditions (ARC I) 

HSG A HSG B HSG C HSG D

Open space (lawns, parks, golf courses, cemeteries, etc.):

  Poor condition (grass cover < 50%) ----- ----- --- 47 61 72 77

  Fair condition (grass cover 50% to 75%) ----- ----- --- 29 48 61 69

  Good condition (grass cover > 75%) ----- ----- --- 21 40 54 63

Impervious areas:

  Paved parking lots, roofs, driveways, etc. (excluding right-of-way) ----- ----- --- 95 95 95 95

Streets and roads:

  Paved; curbs and storm sewers (excluding right-of-way) ----- ----- --- 95 95 95 95

  Paved; open ditches (including right-of-way) ----- ----- --- 67 77 83 85

  Gravel (including right-of-way) ----- ----- --- 57 70 77 81

  Dirt (including right-of-way) ----- ----- --- 52 66 74 77

Western desert urban areas:

  Natural desert landscaping (pervious areas only) ----- ----- --- 42 58 70 75

  Artificial desert landscaping (impervious weed barrier, desert 

  shrub with 1- to 2-inch sand or gravel mulch and basin borders)
----- ----- --- 91 91 91 91

Developing Urban Areas1 Treatment2
Hydrologic 

Condition3
% I HSG A HSG B HSG C HSG D

Newly graded areas (pervious areas only, no vegetation) ----- ----- --- 58 72 81 87

Cultivated  Agricultural Lands1 Treatment
Hydrologic 

Condition
% I HSG A HSG B HSG C HSG D

Bare soil ----- --- 58 72 81 87

Poor --- 57 70 79 85

Good --- 54 67 75 79

Poor --- 52 64 75 81

Good --- 46 60 70 77

Poor --- 51 63 74 79

Good --- 43 56 66 70

Poor --- 49 61 69 75

Good --- 44 56 66 72

Poor --- 48 60 67 74

Good --- 43 54 64 70

Poor --- 45 54 63 66

Good --- 41 51 60 64

Poor --- 44 53 61 64

Good --- 40 49 58 63

Poor --- 44 57 69 75

Good --- 42 56 67 74

Poor --- 43 56 67 72

Good --- 39 52 63 69

Poor --- 42 54 66 70

Good --- 40 53 64 69

Poor --- 41 53 64 69

Good --- 39 52 63 67

Poor --- 40 52 61 66

Good --- 38 49 60 64

Poor --- 39 51 60 64

Good --- 37 48 58 63

Poor --- 45 58 70 77

Good --- 37 52 64 70

Poor --- 43 56 67 70

Good --- 34 48 60 67

Poor --- 42 53 63 67

Good --- 30 46 57 63

Fallow Crop residue 

cover (CR)

Fully Developed Urban Areas (vegetation established)1 Treatment
Hydrologic 

Condition
% I

Pre-Development CN

Row crops 

Straight row 

(SR)

SR + CR

Contoured (C)

C + CR

Contoured & 

terraced (C&T)

C&T+ CR

Small grain 

SR

SR + CR

C

C + CR Poor 

C&T

  C&T+ CR

Close-seeded or broadcast legumes or rotation meadow

SR

C

C&T
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Table 6-9. (continued) 

Other  Agricultural Lands1 Treatment 
Hydrologic 
Condition 

% I HSG A HSG B HSG C HSG D 

Pasture, grassland, or range—continuous forage for 
grazing4 

----- Poor  --- 47 61 72 77 

----- Fair --- 29 48 61 69 

----- Good --- 21 40 54 63 

Meadow—continuous grass, protected from grazing 
and generally mowed for hay 

----- ----- --- 
15 37 51 60 

Brush—brush-weed-grass mixture with brush the 
major element5 

----- Poor  --- 28 46 58 67 

----- Fair --- 18 35 49 58 

----- Good --- 15 28 44 53 

Woods—grass combination (orchard or tree farm)6 

----- Poor  --- 36 53 66 72 

----- Fair --- 24 44 57 66 

----- Good --- 17 37 52 61 

Woods7 

----- Poor  --- 26 45 58 67 

----- Fair --- 19 39 53 61 

----- Good --- 15 34 49 58 

Farmsteads—buildings, lanes, driveways, and 
surrounding lots 

----- ----- --- 
38 54 66 72 

Arid and Semi-arid Rangelands1  Treatment 
Hydrologic 
Condition8 

% I HSG A HSG B HSG C HSG D 

Herbaceous—mixture of grass, weeds, and low-
growing brush, with brush the minor element 

----- Poor --- ----- 63 74 85 

----- Fair --- ----- 51 64 77 

----- Good --- ----- 41 54 70 

Oak-aspen—mountain brush mixture of oak brush, 
aspen, mountain mahogany, bitter brush, maple, and 
other brush 

----- Poor --- ----- 45 54 61 

----- Fair --- ----- 28 36 42 

----- Good --- ----- 15 23 28 

Pinyon-juniper—pinyon, juniper, or both; grass 
understory 

----- Poor --- ----- 56 70 77 

----- Fair --- ----- 37 53 63 

----- Good --- ----- 23 40 51 

Sagebrush with grass understory 

----- Poor --- ----- 46 63 70 

----- Fair --- ----- 30 42 49 

----- Good --- ----- 18 27 34 

Desert shrub—major plants include saltbush, 
greasewood, creosotebush, blackbrush, bursage, palo 
verde, mesquite, and cactus 

----- Poor --- 42 58 70 75 

----- Fair --- 34 52 64 72 

----- Good --- 29 47 61 69 

1. Average runoff condition, and Ia = 0.1S. 
2. Crop residue cover applies only if residue is on at least 5% of the surface throughout the year. 
3. Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy of vegetative areas, (b) 
amount of year-round cover, (c) amount of grass or close-seeded legumes, (d) percent of residue cover on the land surface (good ≥ 20%), and 
(e) degree of surface roughness. Poor: Factors impair infiltration and tend to increase runoff. Good: Factors encourage average and better than 
average infiltration and tend to decrease runoff.
4. Poor: <50%) ground cover or heavily grazed with no mulch. Fair: 50 to 75% ground cover and not heavily grazed. Good: > 75% ground cover 
and lightly or only occasionally grazed. 
5. Poor: <50% ground cover. Fair: 50 to 75% ground cover. Good: >75% ground cover. 
6. CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed 
from the CN’s for woods and pasture. 

7. Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning. Fair: Woods are grazed but not burned, and some 
forest litter covers the soil. Good: Woods are protected from grazing, and litter and brush adequately cover the soil. 
8. Poor: <30% ground cover (litter, grass, and brush overstory). Fair: 30 to 70% ground cover. Good: > 70% ground cover. 
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HSG A HSG B HSG C HSG D

Open space (lawns, parks, golf courses, cemeteries, etc.):

  Poor condition (grass cover < 50%) ----- ----- --- 68 79 86 89

  Fair condition (grass cover 50% to 75%) ----- ----- --- 49 69 79 84

  Good condition (grass cover > 75%) ----- ----- --- 39 61 74 80

Impervious areas:

  Paved parking lots, roofs, driveways, etc. (excluding right-of-way) ----- ----- --- 98 98 98 98

Streets and roads:

  Paved; curbs and storm sewers (excluding right-of-way) ----- ----- --- 98 98 98 98

  Paved; open ditches (including right-of-way) ----- ----- --- 83 89 92 93

  Gravel (including right-of-way) ----- ----- --- 76 85 89 91

  Dirt (including right-of-way) ----- ----- --- 72 82 87 89

Western desert urban areas:

  Natural desert landscaping (pervious areas only) ----- ----- --- 63 77 85 88

  Artificial desert landscaping (impervious weed barrier, desert 

  shrub with 1- to 2-inch sand or gravel mulch and basin borders)
----- ----- --- 96 96 96 96

Urban districts:

  Commercial and business ----- ----- 85 89 92 94 95

  Industrial ----- ----- 72 81 88 91 93

Residential districts by average lot size:

  1/8 acre or less (town houses) ----- ----- 65 77 85 90 92

  1/4 acre ----- ----- 38 61 75 83 87

  1/3 acre ----- ----- 30 57 72 81 86

  1/2 acre ----- ----- 25 54 70 80 85

  1 acre ----- ----- 20 51 68 79 84

  2 acres ----- ----- 12 46 65 77 82

Developing Urban Areas1 Treatment2
Hydrologic 

Condition3
% I HSG A HSG B HSG C HSG D

Newly graded areas (pervious areas only, no vegetation) ----- ----- --- 77 86 91 94

Cultivated  Agricultural Lands1 Treatment
Hydrologic 

Condition
% I HSG A HSG B HSG C HSG D

Bare soil ----- --- 77 86 91 94

Poor --- 76 85 90 93

Good --- 74 83 88 90

Poor --- 72 81 88 91

Good --- 67 78 85 89

Poor --- 71 80 87 90

Good --- 64 75 82 85

Poor --- 70 79 84 88

Good --- 65 75 82 86

Poor --- 69 78 83 87

Good --- 64 74 81 85

Poor --- 66 74 80 82

Good --- 62 71 78 81

Poor --- 65 73 79 81

Good --- 61 70 77 80

Poor --- 65 76 84 88

Good --- 63 75 83 87

Poor --- 64 75 83 86

Good --- 60 72 80 84

Poor --- 63 74 82 85

Good --- 61 73 81 84

Poor --- 62 73 81 84

Good --- 60 72 80 83

Poor --- 61 72 79 82

Good --- 59 70 78 81

Poor --- 60 71 78 81

Good --- 58 69 77 80

Poor --- 66 77 85 89

Good --- 58 72 81 85

Poor --- 64 75 83 85

Good --- 55 69 78 83

Poor --- 63 73 80 83

Good --- 51 67 76 80

% IFully Developed Urban Areas (vegetation established)1 Treatment
Hydrologic 

Condition

Crop residue 

cover (CR)

Straight row 

(SR)

SR + CR

Contoured (C)

C + CR

Contoured & 

terraced (C&T)

C&T+ CR

SR

SR + CR

C

C + CR Poor 

Pre-Development CN

Fallow

Row crops 

Small grain 

Close-seeded or broadcast legumes or rotation meadow

C&T

  C&T+ CR

SR

C

C&T

 Table 6-10.  NRCS Curve Numbers for Frontal Storms & Thunderstorms for 

Developed Conditions (ARCII) 
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Table 6-10.  (continued) 

4.6 Lag Time 

While the NRCS curve numbers are used to calculate the volume of runoff and magnitude of losses, to 

transform the volume of runoff into a hydrograph using the NRCS dimensionless unit hydrograph, the lag 

time must be specified.  The lag time is defined as the time from the centroid of the rainfall distribution of 

a storm to the peak discharge produced by the watershed.  For this Manual, the lag time is defined as a 

fraction of the time of concentration (tc) as shown in Equation 6-13.  

tlag = 0.6∙ tc (Eq. 6-13) 

Other  Agricultural Lands1 Treatment
Hydrologic 

Condition
% I HSG A HSG B HSG C HSG D

----- Poor --- 68 79 86 89

----- Fair --- 49 69 79 84

----- Good --- 39 61 74 80

Meadow—continuous grass, protected from grazing and generally 

mowed for hay
----- ----- --- 30 58 71 78

----- Poor --- 48 67 77 83

----- Fair --- 35 56 70 77

----- Good --- 30 48 65 73

----- Poor --- 57 73 82 86

----- Fair --- 43 65 76 82

----- Good --- 32 58 72 79

----- Poor --- 45 66 77 83

----- Fair --- 36 60 73 79

----- Good --- 30 55 70 77

Farmsteads—buildings, lanes, driveways, and surrounding lots ----- ----- --- 59 74 82 86

Arid and Semi-arid Rangelands1 Treatment
Hydrologic 

Condition8
% I HSG A HSG B HSG C HSG D

----- Poor --- ----- 80 87 93

----- Fair --- ----- 71 81 89

----- Good --- ----- 62 74 85

----- Poor --- ----- 66 74 79

----- Fair --- ----- 48 57 63

----- Good --- ----- 30 41 48

----- Poor --- ----- 75 85 89

----- Fair --- ----- 58 73 80

----- Good --- ----- 41 61 71

----- Poor --- ----- 67 80 85

----- Fair --- ----- 51 63 70

----- Good --- ----- 35 47 55

----- Poor --- 63 77 85 88

----- Fair --- 55 72 81 86

----- Good --- 49 68 79 84

8. 
Poor: <30% ground cover (l i tter, grass , and brush overstory). Fa i r: 30 to 70% ground cover. Good: > 70% ground cover.

4. Poor: <50%) ground cover or heavi ly grazed with no mulch. Fa i r: 50 to 75% ground cover and not heavi ly grazed. Good: > 75% ground cover and l ightly or only occas ional ly grazed.
5. Poor: <50% ground cover. Fa i r: 50 to 75% ground cover. Good: >75% ground cover.
6.

 CN’s  shown were computed for areas  with 50% woods  and 50% grass  (pasture) cover. Other combinations  of conditions  may be computed from the CN’s  for woods  

7. Poor: Forest l i tter, smal l  trees , and brush are destroyed by heavy grazing or regular burning. Fa i r: Woods  are grazed but not burned, and some forest l i tter covers  

the soi l . Good: Woods  are protected from grazing, and l i tter and brush adequately cover the soi l .

Desert shrub—major plants include saltbush, greasewood, 

creosotebush, blackbrush, bursage, palo verde, mesquite, and 

cactus

1. Average runoff condition, and Ia  = 0.2S.
2. Crop res idue cover appl ies  only i f res idue is  on at least 5% of the surface throughout the year.

3. 
Hydraul ic condition i s  based on combination factors  that affect infi l tration and runoff, including (a) dens i ty and canopy of vegetative areas , (b) amount of year-

round cover, (c) amount of grass  or close-seeded legumes, (d) percent of res idue cover on the land surface (good ≥ 20%), and (e) degree of surface roughness . Poor: 

Factors  impair infi l tration and tend to increase runoff. Good: Factors  encourage average and better than average infi l tration and tend to decrease runoff.

Pasture, grassland, or range—continuous forage for grazing4

Brush—brush-weed-grass mixture with brush the major element5

Woods—grass combination (orchard or tree farm)6

Woods7

Sagebrush with grass understory

Pinyon-juniper—pinyon, juniper, or both; grass understory

Oak-aspen—mountain brush mixture of oak brush, aspen, 

mountain mahogany, bitter brush, maple, and other brush

Herbaceous—mixture of grass, weeds, and low-growing brush, 

with brush the minor element

Ia = 0.1 S 
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Ti = 0.007(n∙L)
0.8

 / (P2)
0.5

 S
0.4

(Eq. 6-15) 

Where: 

Ti = overland flow time (hr) 

n = Manning’s roughness coefficient  

L = flow length (ft) 

P2 = 2-year, 24-hour rainfall (in) 

S = slope of hydraulic grade line (ft/ft) 

Typical roughness coefficients for the overland flow portion of the drainage basin are provided in Table 

6-11.  Be aware that Manning’s roughness coefficients for overland flow are different from Manning’s n 

values for open channels and conduits.  Manning’s n values for channels and conduits should not be used 

for overland flow. 

Table 6-11.  Roughness Coefficients (Manning’s n) for NRCS Overland Flow 

Surface description n
1

Smooth surfaces (concrete, asphalt, gravel, bare soil, etc.) 0.011 

Fallow (no residue) 0.05 

Cultivated Soils: 

Residue cover <20% 0.06 

Residue cover >20% 0.17 

Grass: 

Short grass prairie 0.15 

Dense grasses 
2

0.24 

Bermuda grass 0.41 

Range (natural) 0.13 

Woods 
3
 

Light underbrush 0.40 

Dense underbrush 0.80 

4. 1
The values are a composite of information compiled by 

Engman (1986). 

5. 2
Includes species such as weeping lovegrass, bluegrass, 

buffalograss, blue gramma grass, native grass mixtures. 

6. 3
When selecting n, consider cover to a height of about 0.1 

feet.  This is the only part of the plant cover that will obstruct 

sheet flow. 

4.6.2 Shallow Concentrated Flow 

Flow that travels in defined flow paths, small shallow channels in undeveloped basins or in swales or 

gutters in developed basins normally has higher velocities than overland flow. Its travel time can be 

estimated by dividing its flow length by its average velocity.  Average velocities for shallow concentrated 

flow can be estimated from Figure 6-25. 
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Figure 6-20.  NRCS Type II 24-Hour Storm Distribution (< 10 mi
2
)
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Table 6-6.  Runoff Coefficients for Rational Method 
(Source:  UDFCD 2001) 

  

3.2 Time of Concentration 

One of the basic assumptions underlying the Rational Method is that runoff is a function of the average 

rainfall rate during the time required for water to flow from the hydraulically most remote part of the 

drainage area under consideration to the design point.  However, in practice, the time of concentration can 

be an empirical value that results in reasonable and acceptable peak flow calculations.   

For urban areas, the time of concentration (tc) consists of an initial time or overland flow time (ti) plus the 

travel time (tt) in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel.  For non-

urban areas, the time of concentration consists of an overland flow time (ti) plus the time of travel in a 

concentrated form, such as a swale or drainageway.  The travel portion (tt) of the time of concentration 

can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.  

Initial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent 

rainfall, and infiltration capacity of the soil, as well as distance of surface flow.  The time of concentration 

is represented by Equation 6-7 for both urban and non-urban areas. 

HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D

Business

     Commercial Areas 95 0.79 0.80 0.81 0.82 0.83 0.84 0.85 0.87 0.87 0.88 0.88 0.89

     Neighborhood Areas 70 0.45 0.49 0.49 0.53 0.53 0.57 0.58 0.62 0.60 0.65 0.62 0.68

Residential

     1/8 Acre or less 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 0.65

     1/4 Acre 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

     1/3 Acre 30 0.18 0.22 0.25 0.30 0.32 0.38 0.39 0.47 0.43 0.52 0.47 0.57

     1/2 Acre 25 0.15 0.20 0.22 0.28 0.30 0.36 0.37 0.46 0.41 0.51 0.46 0.56

     1 Acre 20 0.12 0.17 0.20 0.26 0.27 0.34 0.35 0.44 0.40 0.50 0.44 0.55

Industrial

     Light Areas 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74

     Heavy Areas 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83

Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52

Playgrounds 13 0.07 0.13 0.16 0.23 0.24 0.31 0.32 0.42 0.37 0.48 0.41 0.54

Railroad Yard Areas 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

Undeveloped Areas

     Historic Flow Analysis-- 

     Greenbelts, Agriculture
2

0.03 0.05 0.09 0.16 0.17 0.26 0.26 0.38 0.31 0.45 0.36 0.51

     Pasture/Meadow 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

     Forest 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

     Exposed Rock 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

     Offsite Flow Analysis (when 

     landuse is undefined)
45

0.26 0.31 0.32 0.37 0.38 0.44 0.44 0.51 0.48 0.55 0.51 0.59

Streets

     Paved 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

     Gravel 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74

Drive and Walks 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Roofs 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83

Lawns 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

Land Use or Surface 

Characteristics

Percent 

Impervious

Runoff Coefficients

2-year 5-year 10-year 25-year 50-year 100-year



Preliminary/Final Drainage Report 
Aspen Ranch Filing No. 1 

 

 
    

Matrix Design Group, Inc., 2020 

 
 
 
 
 
 
 

APPENDIX C 
 

REPORT REFERENCES 
 

 
 

 
 

  



Kane Road 

MW-02 

MW-03 

MW-01 

 FIGURE 

Aspen Ranch 

Hydrologic Study 

May 2020 Data  

5619.84 

5591.36 

5616.69 

jesse_sullivan
Text Box
Existing Pond Excavation

jesse_sullivan
Callout
Note the steep rise in water table elevation.

jesse_sullivan
Callout
Much slower rise in water table elevation

jesse_sullivan
Callout
Slope direction of water table

jesse_sullivan
Callout
Location of Ponding Water

jesse_sullivan
Callout
Very slow change to Water Table Elevation





jesse_sullivan
Highlight

jesse_sullivan
Highlight



Excerpt from Comments Received from City of Fountain regarding Aspen Ranch Filing No. 1 
March 2020 submittal: 

FOUNTAIN MUTUAL IRRIGATION COMPANY (FMIC) 

This letter is being submitted on behalf of Fountain Mutual Irrigation Co. (FMIC) with respect to 
the referenced project. We received the submittal package from your office and copies of the 
referenced Preliminary Plan for this development project on March 20, 2020 and offer the 
following comments pertaining to our review of this project. 

This project is generally located on the north side of Kane Road, east of Link Road and is 
comprised of approximately 58.9 acres of land.  The project will be developed into residential lots. 
The natural slope of this site is from east to west with some of the on-site storm water being 
discharged into the existing detention pond located at the southwest comer of this site while the 
conveyance of both off-site and on- site storm water will be discharged into proposed storm water 
drainage pipes that will be discharged under Link Road. 

The existing FMIC canal system lies approximately one mile to the east of this proposed 
development project and is still very active providing irrigation water to their shareholders in this 
area.  Existing seepage and tailwater from this ditch system and its' lateral ditches have historically 
impacted lands that lie below the FMIC ditch system.  The FMIC canal system typically provides 
irrigation water to this section of its' canal system beginning in April of every year and can have 
anywhere between one (1) to three (3) irrigation runs throughout the summer months. 

FMIC has previously reviewed and submitted comments to the City of Fountain for Preliminary 
and Final plats and Preliminary Drainage Plans for this property for many years and provided 
similar if not exact comments to this issue referencing the FMIC ditch location, ditch seepage, and 
the ditch tailwater issue. 

FMIC has met with Matrix Design Group personnel to discuss our concerns addressing the 
tailwater issue with respect to this project.  Matrix has addressed FMIC's concerns with their 
proposed drainage improvements for this project as outlined in their Drainage Report dated March 
2020. 

FMIC takes no further exception to the proposed Aspen Ranch Preliminary Plan.  Once again, 
we appreciate the opportunity to review these projects within the City of Fountain that affect the 
FMIC ditch system.  Please feel free to contact this office if you should have any questions 
pertaining to this information.   

Note: Minor typos corrected 
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Development of the Eagleside Ridge Subdivision will require site grading and paving, resulting in 
additional impervious areas across the site. The general drainage pattern will consist of positive 
grading away from home sites to swales and gutters along the internal roads within the subdivision, 
conveying runoff flows through the site. Runoff from the site will be conveyed by street gutters 
to curb inlets at low points and road intersections, and then flow through storm drains and 
drainage channels to detention ponds. The storm inlets and storm sewer system within the 
development will be designed as the "minor" drainage system, sized for 5-year developed peak 
flows. The street system, drainage channels, and detention ponds will be designed as the "major" 
drainage system, sized for 100-year peak flows. Street flows within subdivision streets will be 
maintained below allowable levels in accordance with City of Fountain drainage criteria. 

B. Specific Details 

1. Existing Drainage Conditions 

Historic drainage conditions are depicted in Figure EXl (Appendix E). The overall 
Cumberland Green area has been divided into three major basins (A, B, and C). There are 
no significant existing drainage facilities within the undeveloped parts of the site. The 
proposed Eagleside Ridge annexation area consists of historic Basins OBl.2 and OCl. 

The existing on-site drainage area at the north end of the Cumberland Green master plan 
area (Basin A) combines with an off-site drainage basin (OAl.1) entering the site from the 
north. Discharge from the combined basins flows southwest towards Jimmy Camp Creek. 
Historic peak flows at Design Point #1 are calculated as Qs = 10.1 cfs and Q100 = 67.3 cfs 
(SCS Method). 

The large off-site basins east of Link Road and south of Squin-el Creek Road (Basins 
OBI.la and OBI.lb) combine with Eagleside Ridge Basin OBl.2 and Cumberland Green 
Basin B, flowing westerly to the main channel. Historic peak flows at Design Point #2 are 
calculated as Qs = 46.1 cfs and Q100 = 274.1 cfs (SCS Method). The Fountain Mutual 
lJ.Tigation Company (FMIC) ditch system periodically releases tailwater flows within the 
upstream drainage Basin OB 1.1 a, and these flows follow the existing natural drainage 
swales n01ihwesterly towards Jimmy Camp Creek. 

Basins OCl and OC2 combine with Cumberland Green Basin C, sheet flowing west 
towards the Jimmy Camp Creek channel. Historic peak flows at Design Point #3 are 
calculated as Qs = 12.4 cfs and Q100 = 79.3 cfs (SCS Method). 

Basins OCl and OC2 historically flow southwesterly towards the southwest comer of the 
Eagleside Ridge prope1iy, where existing contours drain into the Chilcott Ditch. 
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• Existing 48" Storm Sewer and Street Capacity flowing northerly in Carnival Lane 
(Eagleside View) 

• Existing 48"-60" Stmm Sewer OB 1 and Street Capacity flowing westerly in 
Firecracker Trail to Detention Pond B 

The conveyance capacity of this system is more than adequate to convey the projected 
100-year flows, as summarized in the following table: 

Storm Sewer Street Total 
Design Capacity Capacity Conveyance Design Flow 
Point (cfs) (cfs) Capacity (cfs) (Q100, cfs) 
DP4 200 220.8 420.8 263.8 
DPS 143.6 220.8 364.4 228.0 

Developed Sub-Basins 

The southeasterly paii of the Eagleside Ridge prope1iy has been delineated as Basin IB 1. 
This basin sheet flows northeasterly to the proposed full-spectrum Detention Pond IB 1 at 
the northwest comer of Link Road and Kane Road. Developed peak flows at Design Point 
#IBl are calculated as Qs = 22.5 cfs and Q100 = 52.5 cfs (Rational Method). 

The northeasterly paii of the Eagleside Ridge prope1iy has been delineated as Basin IB2. 
This basin sheet flows northwesterly to the proposed full-spectrum Detention Pond IB2 at 
the southwest comer of Watchmen Road and Short Fuse Lane. Developed peak flows at 
Design Point #IB2 are calculated as Qs = 32.8 cfs and Q100 = 80.0 cfs (Rational Method). 

The drainage area located between Basin IB2 and the proposed extension of Sentry Drive 
has been delineated as Basin IB3. This basin flows northwesterly to a proposed full
spectrum Detention Pond IB3 at the southeast comer of Sent1y Drive and Watchmen Road. 
Developed peak flows at Design Point #IB3 are calculated as Qs = 22.0 cfs and Q100 = 54.6 
cfs (Rational Method). 

The drainage basins along the west side of the Eagleside Ridge development have been 
identified as Basins OC 1.1 and OC 1.2. Basin OC 1.1 consists of the southwesterly part of 
the development located on the south side of the proposed Ohio A venue extension. This 
basin sheet flows northwesterly, with developed peak flows of Qs = 13.2 cfs and Qioo = 
35.4 cfs (Rational Method). 

Basin OC 1.2 consists of the northwesterly paii of the development. Basins OC 1.1 and 
OCl .2 combine at the westerly site boundaiy, with developed peak flows at Design Point 
#OCI calculated as Qs = 41.2 cfs and Q100 = 104.4 cfs (Rational Method). A full-spectrum 
stmmwater detention facility (Pond OC 1) will be constructed to release historic drainage 
flows along the western boundaiy of the site. The proposed detention pond will discharge 
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CUMBERLAND GREEN MASTER DRAINAGE PLAN 
RATIONAL METHOD 
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Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 15, Oct 10, 2017

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Apr 15, 2011—Mar 9, 
2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/18/2018
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

3 Ascalon sandy loam, 3 to 9 
percent slopes

46.6 77.9%

101 Ustic Torrifluvents, loamy 13.2 22.1%

Totals for Area of Interest 59.8 100.0%

Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/18/2018
Page 3 of 3



El Paso County Area, Colorado

3—Ascalon sandy loam, 3 to 9 percent slopes

Map Unit Setting
National map unit symbol: 2tlny
Elevation: 3,870 to 5,960 feet
Mean annual precipitation: 13 to 18 inches
Mean annual air temperature: 46 to 54 degrees F
Frost-free period: 95 to 155 days
Farmland classification: Not prime farmland

Map Unit Composition
Ascalon and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Ascalon

Setting
Landform: Interfluves
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Wind-reworked alluvium and/or calcareous sandy 

eolian deposits

Typical profile
Ap - 0 to 6 inches: sandy loam
Bt1 - 6 to 12 inches: sandy clay loam
Bt2 - 12 to 19 inches: sandy clay loam
Bk1 - 19 to 35 inches: fine sandy loam
Bk2 - 35 to 80 inches: fine sandy loam

Properties and qualities
Slope: 3 to 9 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): 

Moderately high to high (0.60 to 5.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 10 percent
Salinity, maximum in profile: Nonsaline (0.1 to 1.9 mmhos/cm)
Sodium adsorption ratio, maximum in profile: 1.0
Available water storage in profile: Moderate (about 7.1 inches)

Map Unit Description: Ascalon sandy loam, 3 to 9 percent slopes---El Paso County Area, 
Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/18/2018
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Interpretive groups
Land capability classification (irrigated): 6e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Ecological site: Sandy Plains (R067BY024CO)
Hydric soil rating: No

Minor Components

Olnest
Percent of map unit: 10 percent
Landform: Interfluves
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: Sandy Plains (R067BY024CO)
Hydric soil rating: No

Vona
Percent of map unit: 5 percent
Landform: Interfluves
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: Sandy Plains (R067BY024CO)
Hydric soil rating: No

Data Source Information

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 15, Oct 10, 2017

Map Unit Description: Ascalon sandy loam, 3 to 9 percent slopes---El Paso County Area, 
Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/18/2018
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El Paso County Area, Colorado

101—Ustic Torrifluvents, loamy

Map Unit Setting
National map unit symbol: 3673
Elevation: 5,500 to 7,000 feet
Mean annual precipitation: 13 to 16 inches
Mean annual air temperature: 47 to 52 degrees F
Frost-free period: 125 to 155 days
Farmland classification: Not prime farmland

Map Unit Composition
Ustic torrifluvents and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Ustic Torrifluvents

Setting
Landform: Flood plains, stream terraces
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy, clayey, stratified loamy

Typical profile
A - 0 to 6 inches: variable
C - 6 to 60 inches: stratified loamy sand to clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): 

Moderately high to high (0.20 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 10 percent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 

to 2.0 mmhos/cm)
Available water storage in profile: Moderate (about 8.6 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: Saline Overflow LRU's A & B (R069XY037CO)
Other vegetative classification: OVERFLOW (069BY036CO)
Hydric soil rating: No

Map Unit Description: Ustic Torrifluvents, loamy---El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Minor Components

Other soils
Percent of map unit: 
Hydric soil rating: No

Pleasant
Percent of map unit: 
Landform: Depressions
Hydric soil rating: Yes

Data Source Information

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 15, Oct 10, 2017

Map Unit Description: Ustic Torrifluvents, loamy---El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/18/2018
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USGS The National Map: Orthoimagery. Data refreshed April, 2019.
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DEVELOPMENT ANALYSIS.
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PROPOSED WATER LINE

PROPOSED SANITARY SEWER

Aspen Ranch

Proposed Conditions

Design Point Summary Table

Design Point: Sub-basins Description

Upstream Outlet Pipe

 Area

(Acres)

Q5

 (cfs)

Q100

(cfs)

Size (inches) Type

1: B10

Capture by: 12-foot sump D-10-R Curb Inlet

6.6 11.3 24.9 24 RCP

2: B11

Capture by: 10-foot At-grade D-10-R Curb Inlet

3.7 6.4 14.0 18 RCP

3: B11, B10

Capture by: 12-foot & 8-foot

At-Grade D-10-R Curb Inlets

10.2 17.6 38.8 30 RCP

4a: B10, B11, B12a

Manhole in Link Road

combining B12a & DP 3

12.9 25.1 53.1 36 RCP

4b: B10, B11, B12a, 12b

Sump Inlet on Link Road and MH

Combining DP 4b w/ Sub-basin B12b

15.3 26.4 55.9 36 RCP

5: B3b
Capture by:2-8-foot sump D-10-R Curb Inlets

3.2 4.8 10.6 18 RCP

6: B3b, B10, B11, B12a, B12b

Manhole in Link Road

combining DP5 & DP4b

18.5 30.4 65.7 36 RCP

7a: B8, B9
Surface flow to inlet in B9 2.4 4.2 9.1 18 RCP

7b: B7, B8, B9
At-Grade Inlets 7.6 11.6 25.5 36 RCP

8: B6
Sump Inlets

5.1 8.7 19.1

30 or 2 x 24-inch Eq. Elliptical pipes.

RCP

9: B6, B7, B8, B9 Trapezoidal swale

12.7 12.0 26.2

8' bottom width 5:1 side slopes

Swale

10: B5, B6, B7, B8, B9
36-inch Flared End Section 20.6 13.6 34.2 36 RCP

11a: B4, B5, B6, B7, B8,  B9
12-foot At Grade Inlet 21.9 21.2 54.5 36 RCP

11b: B3a, B4, B5, B6, B7, B8, B9
12-foot At Grade Inlet 22.6 22.6 56.4

36

Swale (8' bottom width 5:1 side slopes)

RCP

Swale

12: B2a
Sump Inlet

1.8 4.1 12.9 24 RCP

13: B2b
Sump Inlet

3.7 5.7 12.4 18 RCP

Aspen Ranch

Proposed Conditions

Design Point Summary Table

Design Point: Sub-basins Description

Upstream Outlet Pipe

 Area

(Acres)

Q5

 (cfs)

Q100

(cfs)

Size (inches) Type

14a: B2a, B2b
Manhole combining flows from DP 12 & 13

5.6 9.6 25.0 24 RCP

14b: B2a, B2b, B2c, B2d Sump Inlet

8.4 12.5 31.4 24 RCP

15a: B1a, B1b
Link and Kane Roads 5.0 8.5 18.9 24 RCP

15b: B1a, B1b, B3b, B10, B11,

B12a, B12b

Northwest Forebay

23.5

8.5

30.8

18.9

66.5

24

36

RCP

16: B1a, B1b, B1c, B2a, B2b, B2c,

B3a, B3b, B4, B5, B6, B7, B8, B9

See UD-Detention for Basin Volume Analysis

60.4 38.1 90.4 Trickle Channel Concrete

17: Detention Pond Discharge

See UD-Detention for outlet structure design

information

60.4 1.1 83.3 42 RCP

18: OB1.1A1

48" Storm Pipe Routing around development

207.0 12.7 70.5 48 RCP

19: OB1.1A2

42" Crossroad pipe to 48" Storm Pipe Routing around

development

223.8 13.5 87.8 36 RCP

20: OB1.1A1, OB1.1A2
48" Storm Pipe Routing around development

430.8 27.3 154.8 48 RCP

21: B1a, B1b, B1c, B2a, B2b, B2c,

B3a, B3b, B4, B5, B6, B7, B8, B9,

OB1.1A1, OB1.1A2

Crossroad discharge pipe

491.2 28.2 155.8

48

Swale(8' bottom width, 4:1 side slopes)

RCP

Swale

22: B13, OB1.1B-Reduced

Combination of offsite undeveloped with Sub-basin

B13 (which contains only open space and offsite).

Storm water will continue to be treated and detained

by Existing Pond B to the west.

36.3 7.3 35.1 30 x 18 HERCP

Aspen Ranch
Proposed Conditions

 Basin Summary Table

Area
ID

Area
(Acres)

Q5
(cfs)

Q100
(cfs)

B1a 1.46 2.5 5.9
B1b 3.52 6.3 13.6
B1c 5.89 3.5 13.4

B2a 1.84 2.7 6.0

B2b 3.74 5.7 12.4
B2c 2.50 3.3 7.3

B2d 0.28 0.4 1.0
B3a 0.75 1.1 2.3

B3b 3.18 4.8 10.6

B4 1.24 1.8 3.9

B5 7.93 3.6 14.3

B6 5.11 8.7 19.1

B7 5.18 9.0 19.9

B8 0.33 0.2 0.9

B9 2.08 5.1 10.6
B10 6.55 11.3 24.9

B11 3.68 6.4 14.0

B12a 2.69 6.7 13.2

B12b 2.39 5.0 11.0

B13 8.29 2.5 10.5

OB1.1A1-Reduced
(Less Developed Area) 207.01 12.7 70.5

OB1.1A2
(Not Reduced by Development) 223.79 13.5 87.8

OB1.1B-Reduced
(Less Developed Area) 28.00 6.1 33.4

PROPOSED RIP RAP

PROPOSED MAINTENANCE ACCESS ROAD
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PROPOSED STORM DRAIN PIPE

EXISTING STORM DRAIN PIPE

DRAINAGE CHANNEL

EXISTING EDGE OF ROAD

PROPOSED PROPERTY LINE

PROPOSED FLOW DIRECTION

N

DESIGN POINT2

PROPOSED WATER LINE

PROPOSED SANITARY SEWER

THE STORM DRAINAGE FACILITIES CONVEYING 
OFFSITE FLOWS FROM THE EAST SIDE OF THE 
DEVELOPMENT WILL BE PRIVATELY OWNED AND 

MAINTAINED UP TO THE MANHOLE (MH - 102) 
COMBINING THESE FLOWS WITH FLOWS FROM 
ACROSS KANE ROAD. THE PROPOSED DETENTION 
POND WILL ALSO BE PRIVATELY OWNED AND 
MAINTAINED.
ALL OTHER STORM SEWER WILL BE PUBLICLY 
OWNED AND MAINTAINED.

Aspen Ranch

Proposed Conditions

Design Point Summary Table

Design Point: Sub-basins Description

Upstream Outlet Pipe

Downstream

Design Point

 Area

(Acres)

Q5

 (cfs)

Q100

(cfs)

Size (inches) Type Grade (%)

1: B10

Capture by: 12-foot sump D-10-R Curb Inlet

6.6 11.3 24.9 24 RCP 2.45 4

2: B11

Capture by: 10-foot At-grade D-10-R Curb Inlet

3.7 6.4 14.0 18 RCP 3 3

3: B11, B10

Capture by: 12-foot & 8-foot

At-Grade D-10-R Curb Inlets

10.2 17.6 38.8 30 RCP 1.1 4

4a: B10, B11, B12a

Manhole in Link Road

combining B12a & DP 3

12.9 25.1 53.1 36 RCP 0.60 6

4b: B10, B11, B12a, 12b

Sump Inlet on Link Road and MH

Combining DP 4b w/ Sub-basin B12b

15.3 26.4 55.9 36 RCP 0.60 6

5: B3b

Capture by:2-8-foot sump D-10-R Curb Inlets

3.2 4.8 10.6 18 RCP 1 6

6: B3b, B10, B11, B12a, B12b

Manhole in Link Road

combining DP5 & DP4b

18.5 30.4 65.7 36 RCP 0.5 15b

7a: B8, B9
Surface flow to inlet in B9 2.4 4.2 9.1 18 RCP 1 7b

7b: B7, B8, B9
At-Grade Inlets 7.6 11.6 25.5 36 RCP 1.5 9

8: B6
Sump Inlets

5.1 8.7 19.1
30 or 2 x 24-inch Eq. Elliptical pipes.

RCP 0.5 9

9: B6, B7, B8, B9 Trapezoidal swale

12.7 12.0 26.2

8' bottom width 5:1 side slopes

Swale 2.3 10

10: B5, B6, B7, B8, B9
36-inch Flared End Section 20.6 13.6 34.2 36 RCP 1.25 11a

11a: B4, B5, B6, B7, B8,  B9
12-foot At Grade Inlet 21.9 21.2 54.5 36 RCP 1.25 11b

11b: B3a, B4, B5, B6, B7, B8, B9
12-foot At Grade Inlet 22.6 22.6 56.4

36

Swale (8' bottom width 5:1 side slopes)

RCP

Swale

1.25

2.3

16

12: B2a
Sump Inlet

1.8 4.1 12.9 24 RCP 1 14a

13: B2b

Sump Inlet

3.7 5.7 12.4 18 RCP 1.25 14a

14a: B2a, B2b Manhole combining flows from DP 12 & 13

5.6 9.6 25.0 24 RCP 1 14b

14b: B2a, B2b, B2c, B2d Sump Inlet
8.4 12.5 31.4 24 RCP 3 16

15a: B1a, B1b
Link and Kane Roads 5.0 8.5 18.9 24 RCP 1 15b

15b: B1a, B1b, B3b, B10, B11,

B12a, B12b

Northwest Forebay

23.5

8.5

30.8

18.9

66.5

24

36

RCP

0.87

1

16

16: B1a, B1b, B1c, B2a, B2b, B2c,

B3a, B3b, B4, B5, B6, B7, B8, B9

See UD-Detention for Basin Volume Analysis

60.4 38.1 90.4 Trickle Channel Concrete 0.5 17

17: Detention Pond Discharge

See UD-Detention for outlet structure design

information

60.4 1.1 83.3 42 RCP 0.5 21

18: OB1.1A1

48" Storm Pipe Routing around development

207.0 12.7 70.5 48 RCP 1.4 20

19: OB1.1A2

42" Crossroad pipe to 48" Storm Pipe Routing around

development

223.8 13.5 87.8 36 RCP 2 20

20: OB1.1A1, OB1.1A2
48" Storm Pipe Routing around development

430.8 27.3 154.8 48 RCP 2 21

21: B1a, B1b, B1c, B2a, B2b, B2c,

B3a, B3b, B4, B5, B6, B7, B8, B9,

OB1.1A1, OB1.1A2

Crossroad discharge pipe

491.2 28.2 155.8

48

Swale(8' bottom width, 4:1 side slopes)

RCP

Swale

1.84

0.25

Existing Swale

22: B13, OB1.1B-Reduced

Combination of offsite undeveloped with Sub-basin

B13 (which contains only open space and offsite).

Storm water will continue to be treated and detained

by Existing Pond B to the west.

36.3 7.3 35.1 30 x 18 HERCP

Existing Storm

Sewer
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